ISSN: 1991-3494 (Print)
ISSN: 2518-1467 (Online)

SCIENTIFIC JOURNAL OF | Ne3
PEDAGOGY AND ECONOMICS | 2026




ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)

A

S
CENTRAL ASIAN ACADEMIC
RESEARCH CENTER

v

SCIENTIFIC JOURNAL OF
PEDAGOGY AND ECONOMICS

PUBLISHED SINCE 1944

3 (421)

May — June 2026

ALMATY, 2026




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 1.2026

EDITOR-IN-CHIEF:

ABYLKASSIMOVA Alma Yesimbekovna, Doctor of Pedagogical Sciences, Professor,
Academician of Central Asian Academic Research Center, Director of the Center for the Development
of Pedagogical Education, Head of the Department of Methods of Teaching Mathematics, Physics and
Computer Science at Abai KazNPU (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=57191275199, https://www.webofscience.com/wos/author/record/2076124.

DEPUTY EDITOR-IN-CHIEF:

SEMBIEVA Lyazzat Myktybekovna, Doctor of Economics, Professor of the Eurasian National
University (Astana, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57194226348, https://
www.webofscience.com/wos/author/record/38875302.

EDITORIAL BOARD:

RICHELLE Marynowski, PhD in Education, Professor, Faculty of Education, University of
Lethbridge, (Alberta, Canada), https://www.scopus.com/authid/detail.uri?authorld=57070452800, https://
www.webofscience.com/wos/author/record/16130920.

SHISHOV Sergey Evgenievich, Doctor of Pedagogical Sciences, Professor, Head of the Department
of Pedagogy and Psychology of Professional Education, Moscow State University of Technology and
Management named after K. Razumovsky (Moscow, Russia), https://www.scopus.com/authid/detail.
uri?authorld=57191518233, https://www.webofscience.com/wos/author/record/2443966.

ABILDINA Saltanat Kuatovna, Doctor of Pedagogical Sciences, Professor, Head of the
Department of Pedagogy, Karaganda University named after E.A. Buketov (Karaganda, Kazakhstan),
https://www.scopus.com/authid/detail.uri?authorld=56128026400,  https://www.webofscience.com/wos/
author/record/4131549.

RYZHAKOYV Mikhail Viktorovich, Doctor of Pedagogical Sciences, Professor, Academician of the
Russian Academy of Education, Editor-in-Chief of the journal “Standards and Monitoring in Education”
(Moscow,  Russia),  https://www.scopus.com/authid/detail.uri?authorld=6602245542,  https://www.
webofscience.com/wos/author/record/13675462.

BULATBAEVA Kulzhanat Nurymzhanovna, Doctor of Pedagogical Sciences, Professor, Chief
Researcher of the National Academy of Education named after Y. Altynsarin (Astana, Kazakhstan),
https://www.scopus.com/authid/detail.uri?authorld=57202195074,  https://www.webofscience.com/wos/
author/record/40173122.

PETR Hajek, PhD, Unicorn University, Associate Professor, Department of Finance, (Prague, Czech
Republic), https://www.scopus.com/authid/detail.uri?authorld=35726855800, https://www.webofscience.
com/wos/author/record/672404.

JUMAN Jappar, Doctor of Economics, Professor, Honorary Academician of Central Asian Academic
Research Center, Honored Worker of Kazakhstan, Director of the Center for International Applied Research
Al-Farabi Kazakh National University (Almaty,Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=59238481900; https://www.scopus.com/authid/detail.uri?authorld=56658765400, https://
www.webofscience.com/wos/author/record/60977874.

LUKYANENKO Irina Grigorievna, Doctor of Economics, Professor, Head of Department of the
National University of Kyiv-Mohyla Academy (Kyiv, Ukraine), https://www.scopus.com/authid/detail.
uri?authorld=57189348551, https://www.webofscience.com/wos/author/record/939510.

YESIMZHANOVA Saira Rafihevna, Doctor of Economics, Professor of the University of International
Business (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56499485500, https://
www.webofscience.com/wos/author/record/45951098.

Scientific Journal of Pedagogy and Economics
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print).
Owner: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry
of Information and Communications of the Republic of Kazakhstan
Ne KZ50VPY 00121155, issued on 05.06.2025
Thematic focus: «publication of the results of new achievements inthe field of fundamental sciences»
Periodicity: 6 times a year.
http://www.bulletin-science.kz/index.php/en/
© «Central Asian Academic Research CenterB» LLP, 2026

[©No1el )




ISSN 1991-3494 1.2026

BAC PEJIAKTOP:

IBIJIKACBIMOBA Anma EciM0eKKbI3bI, [Te1aroruka FeUTBIMIaPBIHBIH JOKTOPHI, Ipodeccop,
KP ¥FA akanemuri, [Tegaroruxanbsik 0iniM Oepy/i [aMbITy OPTabIFbIHBIH AUPEKTOPbI, AOail aTbIHIaFbI
Kas¥ITY maremaruka, Gpu3nka skoHe HH(OPMATHKAHBI OKBITY d/licTeMeci KaeIpachiHbIH MEHIepyIIic
(Anmarsr, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=57191275199, https://www.
webofscience.com/wos/author/record/2076124.

BAC PEJAKTOPIBIH OPBIHGACAPDI:

CEMBUEBA Jlsz3aT MBIKTBIOEKKbI3bI, SKOHOMHKA FHUIBIMIAAPBIHBIH 1OoKTOpel, JI.H. I'ymmies
aTbIHAarbl Eypasust yiITThIK yHUBepCcUTETIHIH Tpodeccopsl (Actana, Kasakcran), https://www.scopus.com/
authid/detail.uri?authorld=57194226348, https://www.webofscience.com/wos/author/record/38875302.

PEJAKIUS AJIKACBI:
PUILIEJIb MapuHoBcku, 0inim Oepy canaceinparel PhD, JlerOpumx yHuBepcuTeTi neiaroruka
(baKyIbTeTiHIH npodeccopsl, (Anbbepra, Kanana), https://www.scopus.com/authid/detail.

uri?authorld=57070452800, https://www.webofscience.com/wos/author/record/16130920.

HINUIIOB Cepreii EBreHbeBuY, Memarornka FbhUIBIMIAAPBIHBIH JOKTOPBI, mpodeccop, K.
PasymoBckuit arbiHIaFbl MOCKEy MEMIICKETTIK TEXHOJIOTHsIap JKOHE Oackapy YHHBEPCHTETIHIH
KociOu OiniM Oepy Iearorukachl oHE MCHXOJIOTUAICH KadeapachiHbIH MeHrepymrici (Mackey, Pecei),
https://www.scopus.com/authid/detail.uri?authorld=57191518233,  https://www.webofscience.com/wos/
author/record/2443966.

OBIVIIMHA Canranar Kyarkpi3bl, Nearornka FeUIBIMAAPBIHBIH JOKTOpPEL, mpodeccop, E.A.
BekeroB arbiumarsl Kaparanapl yHUBEpCHTETIHIH negaroruka kadeapacbiabie MeHrepyiici (Kaparaust,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=56128026400, https://www.webofscience.
com/wos/author/record/4131549.

PBI’KAKOB Muxaua BukTOpoBHY, Iefarorvka FhUIBIMIAPBIHBIH JOKTOPHI, Npodeccop, Peceit
OimiM akaJeMHSCBIHBIH akaaemuri, «biniMm Oepyaeri cranzaprrap MEH MOHHTOPHHIY» KypHAJBIHBIH 0ac
penaktopsl (Mackey, Peceit), https://www.scopus.com/authid/detail.uri?authorld=6602245542, https://
www.webofscience.com/wos/author/record/13675462.

BOJIATBAEBA Kymkanat HypbsIMiKaHKBI3bI, [IE/IarOrMKa FhUIBIMIAPBIHBIH TOKTOPEI, Ipodeccop,
bl.AnteiHcapuH aTbIHAaFb!l ¥ITTHIK O11iM aKkaieMUsIChIHBIH 0ac FhUIBIMH KbI3MeTKepi (Actana, Kasakcran),
https://www.scopus.com/authid/detail.uri?authorld=57202195074,  https://www.webofscience.com/wos/
author/record/40173122.

MNETP Xaiiexk, PhD, lOnukopn yHnuBepcuteti, Kapxpl aenapraMeHTiHIH KaybIMAACTBIPBUIFAH
npodeccopsr (IIpara, Yexus), https://www.scopus.com/authid/detail.uri?authorld=35726855800, https://
www.webofscience.com/wos/author/record/672404.

K¥YMAH ’Kannap, 5koHOMHKa FhUIBIMIAPBIHBIH JOKTOpbI, npodeccop, KaszakcranueiH EHOek
ciHipreH Kaiiparkepi, KP ¥FA kypmerri akagemuri, an-DPapabu atsiagarsl Kazak YITTHIK YHUBEPCUTETIHIH
XanbIKapaliblK KOJNAaHOAIbl 3epTTeyiep OpTaJbIFbIHBIH aupekTopbl (Anmarbl, Kasakcran). https://
www.scopus.com/authid/detail.uri?authorld=59238481900; https://www.scopus.com/authid/detail.
uri?authorld=56658765400, https://www.webofscience.com/wos/author/record/60977874.

JYKbSAHEHKO Wpuna I'puropbeBHa, 5KOHOMHKA FbUIBIMIAPBIHBIH JOKTOPBI, Mpodeccop,
«KueBo-MoruisiHCKasi akaieMus» YITTBIK yHUBepcuTeTi kadenpacsiHbig MeHrepymrici (Kues, YkpanHa),
https://www.scopus.com/authid/detail.uri?authorld=57189348551,  https://www.webofscience.com/wos/
author/record/939510.

ECIM’)KAHOBA Caiipa PaduxkpbI3bl, SKOHOMUKAa FBUIBIMAAPBIHBIH JIOKTOPBI, XaJbIKapasblK
OuszHec yHuBepcHuTeTiHIH mpodeccopsl (Anmarsl, Kasakcran), https:/www.scopus.com/authid/detail.
uri?authorld=56499485500, https://www.webofscience.com/wos/author/record/45951098.

Scientific Journal of Pedagogy and Economics
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print).
MenmikTenymi: «OpTainbIK A3us akaJeMUsuIbIK FblIbIMU opTasbiFbDy JKIIC (Anmarsl K.).
Kasakcran PecryOnukachiHBIH AKIapar )KoHe KOMMYHHKAIHSIIAp MUHHCTPIIriHIH AKIapatr
xomuretinge 05.06.2025 k. 6epinren N° KZ50VPY00121155 mep3imzik 6achlIbIM TipKeyiHe KOWBLTY
TypaJibl KyJliK.
TaKbIPBINTBIK 0AFBITBI: (IP2ei 2bLIbIM CANANAPBL OOUIHUA HCAHA HCEMICMIKMEPOIH HIMUNCETLEPTH HCAPUSLAY Y
Mep3imaisiri: xKblbHA 6 peT.
http://www.bulletin-science.kz/index.php/en/
© «OptanblK A3us akaJIeMUsUIBIK FblIbIMU opTaibiFsDy JKIIC, 2026

; [©No1el




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 1.2026

I[JIABHBII PEJAKTOP:

ABBIIIKACBIMOBA Anma Ecum0exoBHa, JIOKTOp NeJaroruyeckux Hayk, Ipodeccop, akaJeMHuK
HAH PK, nupexrop Llentpa pazButHs neaarornyeckoro oopasoBanus, 3aBeytomas kadeapoi MeToquku
npenojaBaHusi mareMmatukd, ¢Gusukn u uHpopmaruku KasHITY wum. AbGas (Anmarel, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57191275199,  https://www.webofscience.com/wos/
author/record/2076124.

3AMECTUTEJIb ITTABHOI'O PEJJAKTOPA:

CEMBUEBA JIa33at MbIKTbIOEKOBHA, JJOKTOpP SKOHOMUYECKUX HayK, mpodeccop EBpasuiickoro
HarmoHanbHoro yHuBepcutera uM. JI.H. I'ymunesa (Acrana, Kasaxcran), https://www.scopus.com/authid/
detail.uri?authorld=57194226348, https://www.webofscience.com/wos/author/record/38875302.

PEJAKIIMOHHAS KOJIJIET' Us:

PUILLIEJIb MapunoBcku, PhD B oOmacti oGpasoBanusi, mpodeccop axyapTeTa Neaarornku
JletOpumxckoro  yHuBepcurera,  (AnbOepra,  Kamama),  https:/www.scopus.com/authid/detail.
uri?authorld=57070452800, https://www.webofscience.com/wos/author/record/16130920.

HIUIIOB Cepreii EBrenbeBn4, MOKTOp MNEIAarornyeckux Hayk, mpodeccop, 3aBeaylomuii
Kadeapoii mearoruky M ICUX0JI0THU MpodeccnoHanbHoro 00pazoBanus MOCKOBCKOTO roCcy/1apCTBEHHOTO
YHHUBEpCUTETa TexHomoruid u ympasieHus umeHun K. PasymoBckoro (Mocksa, Poccusi), https:/www.
scopus.com/authid/detail.uri?authorld=57191518233, https://www.webofscience.com/wos/author/
record/2443966.

ABWJIBIMHA Caaranatr KyaroBHa, JDOKTOp NHENarorm4eckux Hayk, npodeccop, 3aBemyromias
kadenpoii nexarorvku Kaparanaunckoro ynusepcutera umenu E.A. Bykerosa (Kaparanna, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=56128026400,  https://www.webofscience.com/wos/
author/record/4131549.

PBI’KAKOB Muxan1 BHKTOpPOBHY, NOKTOp IIEJAarOrMYecKHX HayK, Ipodeccop, aKaJeMHK
Poccuiickoit akamemun 00pa3oBaHUs, INIABHBIA peaakTop KypHana «CraHAapTbl U MOHHUTOPHHT B
obpazoanum» (Mockaa, Poccust), https://www.scopus.com/authid/detail.uri?authorld=6602245542, https://
www.webofscience.com/wos/author/record/13675462.

BYJIATBAEBA Kyaxanat HypbiM:KaHOBHA, TOKTOp MEJarornvyecKux Hayk, rmpodeccop, TIaBHbIH
Hay4yHbIi CcOTpyniHHK HarmonanbHOW akagemun oOpasoBanuss umeHu bl. AnrteiHcapuna (Acrana,
Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57202195074, https://www.webofscience.
com/wos/author/record/40173122.

HETP Xaiiexk, PhD, ynusepcurer IOHukopH, accouuupoBaHHBII npodeccop [lemaprameHra
¢unancos, (IIpara, Yexwus), https://www.scopus.com/authid/detail.uri?authorld=35726855800, https://
www.webofscience.com/wos/author/record/672404.

KYMAH ‘Kanmap, JOKTOp SKOHOMHUYECKHX HayK, mpodeccop, 3aCIY)KCHHBIA JIESATENb
Kazaxcrana, mouernsiii akagemux HAH  PK, mupextop lLlentpa MexayHapoaHBIX NPHUKIaJHBIX
uccnenoBannii  Ka3axckoro HalMOHalIbHOTO yHuBepcurera uM. ainb-Papabu (Anmarsl, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=59238481900; https://www.scopus.com/authid/detail.
uri?authorld=56658765400, https://www.webofscience.com/wos/author/record/60977874.

JYKbAHEHKO Hpunna I'puropbeBHa, TOKTOp YKOHOMHUYECKHX HayK, Mpodeccop, 3aBemyrorast
kadenpoit HanmonaneHoro ynusepcurera «KueBo-Mormmsinckas axagemus» (KueB, VYkpauna),
https://www.scopus.com/authid/detail.uri?authorld=57189348551,  https://www.webofscience.com/wos/
author/record/939510.

ECUMIKAHOBA Caiipa PaduxeBHa, JTOKTOp SKOHOMHYECKHX HayK, mnpodeccop YHHUBEpCHTETa
MEKIYHapPOIHOTO ousHeca (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=56499485500, https://www.webofscience.com/wos/author/record/45951098.

Scientific Journal of Pedagogy and Economics
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print).
CobcrBennnk: TOO «LleHTpaibHO-a3MATCKUM aKaJIeMIYEeCKUN HayIHBIH HEeHTP» (. AJIMAThI).
CBHUJIETEIECTBO O IIOCTAHOBKE HA Y4YeT IIEPHOAMYECKOro IedaTHoro u3fgaHus B Komurere wnHbOpManmu
MununcreperBa HHOpMaMu 1 KOMMyHHKalui n Pecrryonmkn Kasaxcran
N° KZ50VPY00121155 Boitannoe 05.06.2025 1.
TemaTuyeckasi HANPABJICHHOCTD: «NYOIUKAYUA PE3YTLIMAMOE HOBbIX QOCHUNCEHUN 6001aCU
DYHOAMEHMATLHBIX HAYKY.
IlepuoanynoCTh: 6 pas B rof.
http://www.bulletin-science.kz/index.php/en/
© TOO «lleHTpanbHO-a3uaTCKU akageMUUeCKUil HayYHbIH LeHTp», 2026

[©No1el :




ISSN 1991-3494 3.2026

CONTENTS
PEDAGOGY

Abylkassymova A., Yeskhozhayeva S., Zhumabay N.
Developing students’ mathematical literacy through contextual problems based on stem
EAUCALION. 1.ttt b bbbt bbbt bt bt et e bt et e st et ent et et et nnens 16

Adaskanova Zh.K., Moldasan K.Sh., Tsay Y.
Professional-research thinking of the future educational psychologist: concept and
SEIUCTULE. ...ttt ettt ettt sttt b et e et s bt sa e bt et eseeaenaesaeebesaeeanens 41

Aliyeva Zh.Zh., Baikenzheyeva A.T., Arystanova S.D.
Developing entrepreneurial skills in biology majors within the framework of the minor
supplementary educational Program..........ccccoueoueiiirieinineniseneneee ettt 55

Akhmetova D.M., Oryngaliyeva Sh.O., Kundakova A.
Methodological foundations for the use of regional oral history materials in school
practice when teaching the topic of women on the home front............c..ccoeevevvevieeieniennnnn, 72

Baishuakova A.D., Aldabergenova M.K., Zhadrayeva G.A.
Epistolary sources as a means of developing historical thinking in future history
BBACHIETS. ...ttt ettt st 90

Boztayeva S.Zh., Amrenova G.R., Jumabayeva S.T.
Features of the development of coordination abilities of university students................... 104

Darkulova K.N., Turgynbayeva Zh.M., Kuttybayeva Zh.F.
The influence of modern digital technologies on the formation of academic writing
competencies amONg StUACIIES. .......ieviivieiiirieieetieie ettt ettt aeesbeeeeesseeseesseees 117

Dzhumanova L.S., Kaskataeva Zh.A., Turbaeva S.M.
Problems of using artificial intelligence in education...........c.ccoceververenenierieniereeieeecnnens 133

Yermekbayeva A., Suleimenova K., Shormakova A.B.

The role of assessment criteria in improving academic writing in higher education........ 151
Zhanys A.B.
Digital variative mathematics education for agricultural engineers...........cccccceecerevrcnnens 166

Zhussupbekova B.A., Kulanbayeva G.K.
Historical and psychological portrait of Mustafa ChoKay............cccccvevuieierieienieeieneennnns 183

Kegenbekov J.K., Urazakynov D.K.
The relevance of career guidance training in biophysics at medical universities............. 199

Kemelbekova Zh.S., Kopzhasarova Zh.B.
Generative artificial intelligence tools in education: PRISMA 2020-based analysis and
IMProvemMent MOAEL........ceiiiiiiiiiitiie ettt 218




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

Kurymbayeva S.K., Baizhumanova N.S., Bakina Y.A.
Higher education instructors cometencies in using Al in the inclusive education
PLOCESS ..ttt ettt et et et st sttt s e a e s n 237

Massalimova B.K., Shintemirova M.T., Nurkenova A.D.
Using STEM technologies to develop students’ research skills...........ccoecveevieviinieiennennn. 259

Orazaliyeva R., Ametkhan Zh.
Folk pedagogy as a source of development of the ethno-artistic potential of students
of creative specialties of the university of Kazakhstan.............ccoccoooeniioiiiiiiniiiine 285

Pilten P., Pilten G., Kuralbayeva A.
Pedagogical approaches to values education among primary school teachers................. 301

Sugirbekova A., Nametkulova F., Tasbolat E.
Methodology for preparing future physics teachers to organize students’ research
ACTIVITIES. ¢ttt sttt ettt ettt ettt e b bbbt ettt ettt ettt ettt et ennen 320

Tankibayeva A.A., Turalbayeva A.T., Baimukhanbetov B.M.
Formation of professional competencies of future primary school teachers on the basis
OF MICTO-ICAITIINEG. ...ttt ettt sttt ettt eie 340

Shyndaliev N.T., Serikkazy A.S., Nurbekova G.F.
Enhancing students’ professional competencies in big data processing through artificial
intelligence: results of a pedagogical eXperiment..........c.occvevveeieriieienieeiereeiesie e 364

ECONOMICS

Aitkazina M., Karshalova A., Biken V.
Analysis of green lending programs of second-tier banks and development institutions
in the Republic of Kazakhstan...........c.coeoiiiiiiiiiiiiiiiiceeeeeee e 380

Aitmanbetova R., Bukharbaeva A.
Improving accounting and audit systems through digitalization in Kazakhstan’s
agricultural sector: a current apProach..........occueiieiiiiiiiiiie e 403

Altai M.T., Mustafayeva B.U., Kulbaeva ML.A.
Development of the tourism industry as a factor of economic growth in the Turkestan
Region: institutional and legal aspect.........c.ccoecveiriririinininineneecceeeeee e 423

Assanova Zh., Mahfudz A.A., Turysbekova R.
Environmental audit as an accounting and analytical tool for ensuring sustainable
development in the Republic of Kazakhstan.............cecovieviieieniinieniicieeeeese e 438

Ashirbayeva S.B., Yessirkepova A.M., Alzhanova A.A.

Methodological approaches to assessing the economic efficiency of forestry in the

context Of climate ChANGE.......ccoiiiiiiiii e 465
Yeltay B.B., Azatbek T.A.

Evaluating the effectiveness of state regulation and institutional environment formation

in the non-ferrous Metallurgy SECLOT........ccviiviiiiriieiecieieeit et 486

[©No1el 6




ISSN 1991-3494 3.2026

Zhaukhanova A.K., Muslimkyzy L.
The impact of investment processes on the development of the labor market of the
Republic 0f KAzZaKhStan...........coovieriiiiiiiiiieieeieseeese ettt 510

Kaliyeva S., Umurzakova B.
Human capital management in project-based banks of the Republic of Kazakhstan.......529

Kamardinov Y., Moldashbayeva L., Satymbekova K.
Digital transformation of accounting of transport and logistics services based on
AT aNd Big Data......cccoiiiieiicieiiice ettt reenne s 544

Karanova Zh.Y., Kazhmuratova A.K., Chakeyeva K.S.
China—Kazakhstan transport corridor: digitalization and efficiency in the context
of growing freight flOWS........coiiiiiiiiiii e 564

Kozhakhmetova K., Rakhmatullayeva D.Zh., Ruziev K.
Multicriteria analysis in ESG-oriented portfolio optimization...............cceeveveereeierneennnns 587

Madysheva M.Zh., Mazbayeva K.O.
Cost audit in a commercial healthcare company: assessment of efficiency and
ETATISPATEIICY. 1.ttt euvteeutieenteeentteetteeateeeteeenteeenseeenteeenseesateeenseeenseeenseeenseesnseeenteesnseesaseesnseennses 609

Mamutova K.K., Pashenova L.M., Aitymbetova A.N.
Digitalization of tax administration in Kazakhstan: modern technologies and
developmMENt AITECLIONS. ......ecvieiieeieiieierie ettt sttt ettt s e te s e eteeseeseesseeseesseessesseennens 627

Narimanov R.N., Niyetalina G.K., Tayauova G.Zh.
Comparison of quiet luxury and logo branding in the context of consumer status
signaling in KazakhStan............ccociiiiiiiiiiiieieicece e 640

Nizamdinova A., Hao Zhen, Dzhakisheva U.
Improving the mechanisms of strategic management accounting in renewable
CNCIZY CIECIPIISCS  .evvevrerreiererestreseeseesseeseeseeseeseessesseessesseessesseessesseessessaessesseessesssesenseenns 657

Nurlybek Zh.A., Nurgaliyev K.M., Tynyshbayeva A.A.
Investment screening as a state governance mechanism of foreign capital access:
the AUSHTAlIAN EXPEIICIICE. ....uveiierieiieiieieeiesteete e estesteeetesteesseeseesseeseeseeseessesnsessesssesseesnens 675

Pakhuasheva D.S., Ermekbayeva D.D., Duiskenova R.Zh.
Strategic management of sustainable development of hotel chains in Kazakhstan.......... 698

Primzharova K., Bissenbayeva S., Zhumaxanova K.M.
Social entrepreneurship in the Republic of Kazakhstan: stages of formation and
mechanisms 0f deVEIOPMENL.........cc.iiiiriiiieiiiieiieieete ettt sbe e saeenee s 726

Tulaganov A.B., Nurmagambetova A.l., Bigozhin R.M.
Contribution of higher education system to implementation of sustainable
development goals in Kazakhstan.............ccooiveieiiiiiiiiieiicicieeeeecee e 750

Tuleeva A., Karabaeva Sh., Yessentayeva A.
Digital IT marketing as a tool for enhancing the competitiveness of
Agro-INAUSIIIAl ENEETPIISES. .. eoviitirtirtirteriertetee ettt 765




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

MA3MYHBI
MEJATOTHKA

IoinkacsiMoBa A.E., EcxoxaeBa C.M., ’Kymabaii H.
STEM 0inim Oepy Heri3iHle KOHTEKCTIK eCenTep apKblbl OKYIIbUIAPIbIH
MaTEMAaTHKAIIBIK CAYATTBUIBIFBIH JTAMBITY......ccuveureutereeseaterseasensessensensensensensenseneeneeneesesseesenses 16

AnackanoBa K.K., Moaaacan K.III., Iaii E.
Bonamak reiaror-ncuxoaorThlH KociOU-3epTTEYILILIIK OWIaybl: YFBIMBI )KOHE
KYPBITBIMBL. ...ttt ettt ettt et et sttt eatesbe e et e st sbeesaeeatesbt e s bt et e s bt e s bt emtesbeenbeenteeatenbeeneeennes 41

ouiena K. K., baiiken:xkeeBa A.T., ApbicranoBa C./1.
Minor KoceimMIna Oitim Gepy OaraapiamMachl aschiHia OHOJIOT ST MaMaH bIFbI
CTYACHTTEPIHIH KOCIIKEPIIK JAFIBUIAPBIH JIAMBITY.....covttttetesensentenseneensenseneeneeneesesseesennes 55

AxmertoBa .M., Opbinraiauena II.0., Kynnakosa A.
TeUTIaFb! OfieNaep TAKBIPBIOBIH OKBITY/IA OHIPIIK aybI3IIa TAPUX MaTepHaIapbIH
MEKTEI IPAKTUKACHIHAA KOJIAHYBIH SICTEMEIIK HETI3ICP1 . eveurereeneemieneenieieeneeieaieenennes 72

BaiimyaxoBa A.Jl., Aanadeprenoa M.K., Kaapaesa I.A.
DHUCTONAPIBIK IepeKTep Oolalak Tapux MyFagiMICpIHIH TApPUXU OHIIAybIH
JAMBITYIBIH KYPATIBL PETIHIIC. .. vevverveervesressesseenseesseseessesseessesssessesssessesssessesssessesssessesssenseenns 90

bo3raesa C.2K., Ampenona I.P., [l:xymataesa C.T.
VYHHUBEPCUTET CTY/ACHTTEPIHIH YilllecTipy KabijeTTepiH JaMbITy €pEeKIIEIIKTEPI............ 104

Hapkyaosa K.H., Typrein6aesa ’K.M., KyrroioaeBa K. D.
3amaHayu HUGPIIBIK TEXHOJIOTUSIIAPIBIH CTYACHTTEP/IIH aKaICMHUSITBIK
a3y KY3bIPETTUIITTH KAJTBIITACTBIPYFA QCCP1.cvierrieriereerierreeierieeiesseesesseesensseseeseesseenes 117

Kymanosa JI.C., Kackaraesa ’K.A., Typ6aea C.M.
Binim Oepy canachiHIa )KacaH (bl HHTEIUICKTTI Maiilaiany MPOOIeMaIaphL..................... 133

EpmexbaeBa A., CyaeiivenoBa K., lllopmakoBa A.b.
JKorapbl OKy OpHBIH/Ia OoJIamaK (HI0IOrTAP/IbIH aKaICMHUSUIBIK YKa3bLIBIMBIH

JAMBITYJAFbl KPUTCPUIITIK OAFATIAY POITL...eeuverrrereeererreererseeseeseesesseessesssessessessesssesseessens 151
Kanvbic A.b.
ATpOHHKCHEPIICPIe MAaTEMATHKAHBI IIU(DPIIBIK BAPHATHUBTL OKBITY.......ecvveveeerereeeresseennans 166

KycynoexoBa B.A., Kyn1an6aeBa I.K.
Mycrada [1lokai bl TApUXU-TICUXOIOTHSIIBIK TTOPTPETL.c.veevervetenrenieeenienreneeneeieeneeneaneas 183

Kerenoexos K.K., Ypa3zakbinon /I.K.
MenMuMHaIbIK KOFaphl OKY OpbIHAApbIHIa OModH3nKa KypChlH KociOn Oaraapibl
OKBITYIIBIH ©3CKTIITITN .c.vvevvieveesseeseesseeseeseeseesseessesseessesseessesssessesseessesseessesssessesssessesssessesssens 199

[©No1el s




ISSN 1991-3494 3.2026

KemennoexoBa K.C., Komkacaposa 7K.b.
binim Gepyszeri reHepaTHBTI JKacaH/1bl HHTEIUIEKT Kypangapsi: PRIMSA 2020
HET131HICTT TAIAAY HKOHE HKETIIIIPY MOCIIL. e.vvervrerrereerresreereeseesseeseeseeseessesssessesssessesssens 218

KypbimobaeBa C.K., baiiskymanosa H.C., bakuna F0.A.
KOO oxpITYHIBUTAPBIHBIH HHKIIFO3UBTI OLtiM Oepy mpouecinaeri KU konnany
Y BIPCTTCD N 1.t evveeuteeteeteesseestesteesseeseeeseesseessesseesseesseaseesseessesssenseesseessesseesseessesseesseensesseenseenns 237

Macaaumona b.K., lluntemuposa M.T., Hypkenoa A.Jl.
OKyIbUIap by 3epTTey AaFabuiapbiH qaMbITy yiniH STEM TexHoIorusuiapbiH
KOJTITTAHY. .t eutveentteeuteeseseenueeenteeesseesaseessseenseeeaseesaseesseensaeenseesaseensseensteenseesaseennsesnsaesnseennseens 259

Opa3aauena P. , Amerxan K.
XanbIKTHIK Tiearornka KazakcTaHHBIH KOFapbl OKY OPBIHIAPBIHIAFBI [IBIFAPMAIIBLITBIK
MaMaH/IbIKTaphl CTY/ICHTTEPIHIH 3THOMSICHH JICYETiH JAMBITY KO31 PETIHC. .......c.n...... 285

Muuren I1., Muaren I., Kypan6aesa A.
BacraysIl ChIHBINT MyFaiMJIEpiHIH KYHABUIBIKTApFa Heri3aenrex oirim oepyzeri
TICIATOTUKAIIBIK TOCUIICP 1. e vvevveeveenreesiereeseesseestesseessesseessesseessesseessesseessesssessesssessesssessesssens 301

CyrupbexoBa A., HamerkysoBa @., Tacooaar E.
Bonamak ¢uznka MyranimMaepiH OKyIIbLIap/IbIH 3ePTTEY SPEKETIH YHBIMIACThIPYFa
JASIPITAY OJTICTEMEC e vveuvieurierienseeseesseeseesseeseesseessesseessesseessesssessesseessesssessesssessesssessesssessesssens 320

TankubaeBa A.A., Typanoaesa A.T., baiimyxan6etros b.M.
MHUKpOOKBITY HeTi3iHjie Oosamiak 6acTaybIll ChIHBIT MYFaIMIEPIHIH KoCiOu
KY3BIPETTUTITIH KAJTBITITACTBIPY. .. vevveevterseeseessesssesseessesseessesseessenseessesseessesssessesssessesssessenssens 340

MIbinpanues H.T., Cepikka3sbl 9.C., Hypoekona I.®.
JKacaHpl HHTEIICKT apKbUIBI CTYICHTTEPIIH YIIKCH JACPEKTEP/Ii OHACYICT1 KOciOu
KY3BIPETTUIITIH apTThIPY: MEIarorHKaIbIK SKCIEPHUMEHT HOTHIKEIICPI. vcuveurenreneerieneeneneas 364

9KOHOMMUKA

Aiitka3znna M., Kapmanoa A., Buken B.
Kazakcran PecryOimkachiHIars! eKIHI JeHreiieri 0aHKTep MEH laMy MHCTUTYTTapbIH

Aiitman0eroBa P., Byxap6aeBa A.
KazakcTaHHBIH aybUl IIAPYaIlbUIBIFBl CEKTOPBIHIAFB! OyXTralnTepiik ecenti nudpaanabpy
KaFIalbIHIa OyXTaITePIIiK €CEIl KOHE aYIUT KYHCCIH KETUIIIPY. .. vervrerrererrerreeresreennns 403

Aurraii M. T., Mycradaesa B.Y., Ky16aesa M.A.
Typkicran 0OIBICHIHBIH YKOHOMUKAJIBIK 6CY (haKTOPBI PETiH/IE TYPHUCTIK CaJaHbl IAMBITY:
MHCTUTYUHAOHATTIBIK-KYKBIKTBIK ACTICKT. ...t eeuvrerureenereenreenseensseeseesnseenseessseenseesseesnseesseesnses 423

9 NolE



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

Acanosa K., Maxdyns A.A., TypsicoexoBa P.
Kazakcran PecryOimkacbiHia OpHBIKTBI JaMy/Ibl KAMTaMachl3 €TY/IH eCerKe aly-Tajjaay
KYPAJIbl PETIHIC KOTOTHSIIBIK AYIIHT. .. veevverveeresseessesseessenseesenseessesseessesssessessessesssessesssens 438

Amupoaesa C.b., EcupkenoBa A.M., Anb:kaHoBa A.A.
KnumarTheIK e3repictep skaraailblHIa OpMaH [apyarbUIbIFbIHBIH YKOHOMUKAIIBIK
TUIMIIUIITIH OaFranayblH OMICTEMEIIK TOCIUIICP 1. .veeveruerrirterrertinteterieeeieeeeeneeneeneeneeneanes 465

Earaii B.b., Azaroek T.A.
TycTi METaTyprust canachlH MEMIICKETTIK PETTEY/IH KOHE HHCTUTYIIHOHAIIBIK
OpTaHbl KAJBIITACTBIPYIBIH THIMIUTITTH OAFATIAY.....ccveevereeetiererienteteiereeneenieeeneeneeneeneeneas 486

Kayxanosa A.K., MycaumMkbI3bl JI.
Kazakcran PecriyOiukachiHbIH eHOCK HapbIFBIHBIH JaMybIHA HHBECTUIHSIIBIK
YIICPICTCPIIIH DCCPIuevvevienriarienreeseeseetesteeseesseessesseessesseessesseessesseessesseesseessessesssessesssessesssens 510

Kaauena C., Ymyp3akoBa b.
Kasakcran PecrnyOnukachIHBIH 5K00aIbIK 0aCKapy MOJCIIH KOJIaHAThIH OaHKTEPIHICT]
ATAM KATTHTATIBIH OACKADY. .. vevvervrerrerrresreeseesseeseesseessesseessesseessesseessesseessesseesesssessensssssenseenns 529

Kamapaunos E., Moinamoéaesa Jl., CateiméexoBa K.
Al xone Big Data Heri3iHze KeiK-TOrHCTHKAIBIK KbI3METTEPIIH OyXranrepiik eceOiH

Kapanoga K.V., Ka:xkeimyparoBa A.K., Yakeepa K.C.
Kerraii—KazakcTan Keumik 1oJ1i31: )KYK aFbIHIAPBIHBIH 6CYy1 JKaFaiibiHaa udpIaHabIpy
b %) (o N7 11 91 0 51§ ) o RRPRT 564

KoxaxmeroBa K., Paxmarysnaesa J1.7K., Py3ues K.

Maasimena M.JK., Ma36aeBa K.O.
KoMMepLusUIBIK AeHCaYIIBIK CaKTay KOCIOPHBIHAAFBI IIBIFBIHAAD ayAnTi: THIMIUTIK
TI€H AIIBIKTBIKTBI OAFAITAY.....eeuveertreeieerueesteenieesreenseeenseenseessseeseessseeseessseenseesseesnseesssesnsees 609

MamyToBa K.K., [TamenoBa JI.M., AiitbimGeToBa A.H.
KasakcTranaarsl CaJibIK OKIMIIUICHIIPYII HUPPIaHABIPY: 3aMaHayH TEXHOJIOTUsIAP
HKOHE JIAMY OAFBITTAPBL. ... veveerveereesreeseeseeseesseessesseessesseessesssessesssessesssessesssessesssessesssessessens 627

Hapumanos P.H., Hueranuna I.K., Tasyosa I.OK.
Kazakcranaarbl TYTBIHYNIBUIAP/IBIH CTATYC 1a0bUIBI KOHTEKCTIHIE quiet luxury sxoHe
logo branding CamBICTBIPMAIIBI TAIIAY.......euveereereereerseeseenseessesseessesseessesseessesssessesssessenseenns 640

HuzamaunoBa A., Xao YUxanb, [kakumena V.

JKanapTbutaTeiH 9HEPTUs KOCINOPBIHAAPBIH/IA CTPATET USUIBIK 0ACKAPYLIBUIBIK €Cell
MEXAHUBMICPIH KCTLIIIIDY. .. vvevveeveerrersrererseessesssesseessesseessesseessesseessesseessesssessesssessesssessensens 657

OROAE] 10




ISSN 1991-3494 3.2026

Hypasioek K.A., Hypramues K.M., ToinbimoaeBa A.A.
[leren kamuTaablHAa KODKETIMALTIKTI PETTEYIIH MEMIICKETTIK OacKapy MeXaHH3Mi
peTiH/ieri MHBECTHLUSIIBIK CKPUHHUHT: ABCTPATIHS TOKIPHOCCI. c..veveviiireiieieneeieieneens 675

Maxyamesa JI.C., EpmexoaeBa /I./1., dyiickenoBa P.JK.
KasakcTaHHBIH KOHAK Yl XKEIUIePIHIH TYPAKThI 1aMYbIH CTPATCTHSUIBIK 0acKapy........... 698

IIpum:kaposa K., Bucendaesa C., ’Kymakxcanoa K.M.
Kazakcran PecriyOiukachiHIarbl QJISyMETTIK KOCIIKEPIIIK: KaJbINTacy Ke3eHaepi
HKOHE JTAMY TCTIKTCP . v euvreureerierseeseeseestessesseesseessesseessesseessesssessesseessesseessesssessesssessesssessesssens 726

Tynaranos A.B., Hypmaramé6eroBa A.U., buroxun P.M.
Kazakcranaarbl )xorapbl 011iM Oepy *KyieciHiH OPHBIKTBI JaMy MaKcaTTapblH
HKYBETEC ACBIPYFA YIICCH.uvreuriarierreereeresseesesseessesssesseessesseessesseessesseessesssessesssessesssessesssessesssens 750

TyaeeBa A., Kapa6aesa I11., EcenTaeBa A.
ATPOOHEPKACINTIK KOCITOPBIHIAP/IbIH OoceKkere KaOlIeTTILIIrH apTThIPY KYpajbl

1 @@@



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

COJIEP)KAHUE
MEJATOTHKA

AdbLikacbiMoBa ALE., EcxoxaeBa C.M., Kymaoaii H.
Pa3BI/ITI/Ie MaTeMaTH’-IeCKOﬁ FpaMOTHOCTl/I yqaumxc;l HOCpeZlCTBOM KOHTCKCTHBIX 3aJ1a4
B PAMKAX STEM-00PABOBAHUS..........ceveivieeiiieieieeiieteesiesteesesseessesaeessesseessesssesseessesseessesseenns 16

AnackanoBa K.K., Moaaacan K.III., Iaii E.
[IpodeccroHaibHO-UCCIICIOBATEILCKOE MBIIIIJICHHAE OYIyIIETo MeIarora-ncuxoinora;
TIOHSITHE M CTPYKTYPu e euveeereenreenureaseenseeeseesseesnseessseanseenseesseenseessseesssessseesseessseenseesnsessseesns 41

Aumena 7K. K., baiiken:xkeeBa A.T., ApbictanoBa C./I.
PasBurue MMPpESANPUHUMATCIIbCKUX HABBIKOB Y CTYACHTOB CICIIUAJIBHOCTHU «bunonorusa»

AxmertoBa /.M., Opsinraiauena I1.0., Kynnakosa A.
Meroauueckue 0CHOBBI UCII0Ib30BaHUS MATEPUAIIOB PErMOHAIBHON YCTHOM UCTOPUU
B IUKOJIbHOM IIPAKTUKE IIPU U3YYECHUH TEMbI JKEHIIMMH TBIIA. .c...eeruveeerenireenireeneenieeeneenneenns 72

BaiimyakoBa A., Ainnadeprenosa M., Kaapaesa I.
9HI/ICTOH}IprIe HNCTOYHUKHU KaK CPEACTBO PA3BUTUA UCTOPHUICCKOTO MBITIJICHUA
OYAYIIUX YUUTCICH HCTOPHH. ....vveuveeerereenreeseesseeseesseeseesseessesseessesseessesssessesseessesseessesssessesnses 90

Bo3raesa C.2K., Ampenona I.P., l:xymadaeBa C.T.
OCco0OeHHOCTH Pa3BUTHS KOOPAWHAIIMOHHBIX CIIOCOOHOCTEH CTYIEHTOB BY30B................ 104

HMapxkynosa K.H., Typrein6aesa ’K.M., Kyrrbi6aesa K. ®D.
Brnusinue coBpeMeHHBIX HHU(DPOBBIX TEXHOIOTHH Ha POPMHUPOBAHNE KOMIIETEHIIUH
AKAZIEMHUUECKOTO TTUCHMA Y CTYIIEHTOB. ...ceuvveeureerureentrennreenteensneenseessseenseesssessseenseesnsessneesnses 117

MxkymanoBa JI.C., KackaraeBa 7K.A., Typ6aeBa C.M.
[Ipo6seMbl UCTIOTB30BaHKSI HCKYCCTBEHHOTO HHTEIUICKTA B chepe 00pa3oBaHUsL............ 133

EpmexobaeBa A., CyaeiimenoBa K., [llopmakoBa A.
Ponb KPUTCPUAJILHOI'O OUCHUBAHUA B pa3BUTUN aKaACMHUYCCKOTO IMMCbMa 6y[lyU_lI/IX

(DHITOTTOTOB B BY3C...e.uveveerieeeesresseessesseessesseeseessesseessesseessesseessesseessesssessesssessesssessensssssenseenns 151
Kanbic A.
[udpoBoe BapuaruBHOE 00YYCHUE MATEMATHKE AT POMHIKEHEPOB. .....cvveueenreneeneeneeneaneaneas 166

KycynoexoBa B.A., Kyn1an6aeBa I.K.
Hctopuko-nicuxonornueckuit opTpeT MycTadbl ILIOKAS..........covveeieriieieiieierieeieeieeins 183

Kerenoexos K.K., Ypa3zakbinon /I.K.
AXTyalibHOCTb IPO(OPHEHTALMOHHOTO 00y4YeHUs Kypcy OMO(DU3UKH
B MEUIIMHCKIX BY3@X. . uttetreeuueensreenseenseesnseenseesseenseesnsesnsessssesnseesssesnseessseenseesseesnseessesnsees 199

OROAE] 12




ISSN 1991-3494 3.2026

KemennoexoBa K.C., Komkacaposa 7K.b.
['eHepaTuBHBIC HMHCTPYMEHTHI HCKYCCTBEHHOTO MHTEIJIEKTA B 00pa30BaHHUM: aHAIIN3
110 PRISMA 2020 1 MOJIETb COBEPIICHCTBOBAHMSL. ... .veevvveereenreesireeneeenereenseenseesnseensnesnsees 218

Kypnimbaepa C.K., Baiizkymanosa H.C., bakuna 10.A.
Kommnereniuu npemnogasaresneii By30B 1o ucrnosnb3oBanuio MM B mporecce
UHKITFO3UBHOTO OOPABOBAHMS. ... eevveveerveeseessesssesseessesseessesseessenseessesseessesssessesssessesssessensens 237

Macaaumona b.K., lluntemuposa M.T., Hypkenoa A.Jl.
Wcnons3oBanne STEM-TeXHOMOTHI /U1 Pa3BUTHUS HCCIEOBATEIbCKIX HABBIKOB
VHALITHIXCSL .« e evvveevteeseteeeteenteesnseeanseensseenseessseesaseesseenseeenseesaseensseensseenseesnseesnseenseesnseesnseenssenn 259

Opa3aaueBa P., Amerxan 7K.
Hapo;[Haﬂ neaaroruka Kak MCTOYHUK pa3dBUTHSA OTHOXYJOKECCTBCHHOT'O IMOTCHIIMAIA
CTY/ICHTOB TBOPYECKHX CIEIMATBHOCTEH By3a Ka3aXCTaHa........ccevieviiniiniiiiniciicnes 285

Muuren I1., Mnaren I, Kypaaoaesa A.
[lemarornyeckue MOAXOAbI K IECHHOCTHO-OPUEHTHPOBAHHOMY 00Pa30BaHMIO Y YUUTEIICH
HAYAITBHBIX KITACCOB. 1. uvtteeutreeetteeesareeaesseeeesseaaasseeaassseesssseesssesaassssesassssssssesasssssssssseeessseens 301

Cyrup6exoBa A., HamerkyJsioBa ®@., Tacooaar E.
MeroznKa MoAroTOBKH OyylIuX yuuTeneld (Gu3nKu K OpraHu3aliy UCCIIea0BaTeIbCKON
TICSITEITBHOCT . ¢..cvevtenteeuteettemtesteente et ete et e et e ett e bt esteebeemteebeenteeatenaeebte s bt eateebeenbeebeenneebeeaeenee 320

TankuobaeBa A.A., Typanoaesa A.T., baiimyxan6eros b.M.
dopmupoBanue IpodecCnoHaTHLHON KOMIIETCHTHOCTH OYIyIIUX YYUTEICH HA9aIbHBIX
KJIACCOB HA OCHOBE MUKPOOOYUCHMS. ... ve.vverveererreessenseessenseesseeseessesseessesseessesssessesssessesssens 340

MIbinpanues H.T., Cepukka3ssl A.C., HypoekoBa I.®.

[ToBbimenue npodeccHoHaIbHON KOMIIETEHTHOCTH CTYJICHTOB B 00pa0boTKe OO0JbIINX
JIAHHBIX C UCIIOJIb30BAaHUEM NCKYCCTBEHHOTO MHTEIIEKTA: PE3yIIbTaThl

TIEATOTHYECKOTO DKCTIEPHMEHT. ...e.vveenveerureeneeesareeseeanseenseessseeseessseeseessseenseesssesnseessesnses 364

9KOHOMMUKA

Aiitkasuna M., Kapmanosa A., Buxen B.
AHanu3 mporpamMmm 3eJIeHOr0 KPeUTOBaHHsI OAaHKOB BTOPOTO YPOBHSI M HHCTHUTYTOB
Pa3BUTHSL B PECITYOIMHMKE Ka3aXCTAH. ... .ccvievieiieiiicieeiecieeie ettt 380

Aiitman0etoBa P., Byxap6aeBa A.
CoBepLICHCTBOBAHUE CHCTEMBI yUeTa M ayuTa B YCJIOBHSIX [H(pOBU3aLINU
OyXTaJaTepCKOTO yueTa arpapHOro CEKTOPa Ka3aXCTaHa.........ccvecvevveeieriieieeiieieeeeere e 403

Aurraii M. T., Mycradaesa B.Y., Ky16aesa M.A.

PasButue TypuCTCKOIi oTpaciy Kak (hakTop SKOHOMHUYECKOro pocTa TypkecTaHCKOM
00JTaCTH: HHCTUTYIIUOHATBHO-TIPABOBOM ACTICKT. ... .veuveevvereenseseessenseesesseessesssessesssessensnens 423

13 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

Acanosa K., Maxdyns A.A., TypsicoexoBa P.
DKOJIOTHUECKUH ayUT KaK y4eTHO-aHAJTUTUYICCKUH HHCTPYMEHT 00ecedeHns
YCTOMYUBOTO Pa3BUTHSI B PeCyOmuKe Ka3aXCTaH. .....cc.cvverviiieiieeieiieieeieeeeeveee e 438

Amupoaesa C.b., EcupkenoBa A.M., Anb:kaHoBa A.A.
Meroandeckue Moaxo/ bl K OIIEHKE IKOHOMUYECKOH 3 peKTHBHOCTH (pyHKIIMOHHUPOBAHHUS
JIECHOT'O XO34HCTBA B YCIOBHUSX KIMMATHYSCKUX M3MCHEHHUM. ... 465

Earaii B.b., Azaroek T.A.
OreHka 3G GHEKTUBHOCTH FOCYIAPCTBEHHOTO PETYIUPOBAHUS U (POPMUPOBAHHSI
WHCTUTYLIHOHATIBHOMN CPEbl B CHEPE MBETHOU METATUTYPIH ... vvevrerreereervernresenseessennnens 486

Kayxanosa A.K., Mycaumksbi3bl JI.
BrusiHue MHBECTHLIMOHHBIX MPOIIECCOB HAa PA3BUTHE PhIHKA TPYyAa
PeCIyOMUKH KaBAXCTAH. ... .ccveeiiieieiieiieie ettt ettt es et esseeseeaeeseesseenaesseeneesseennens 510

Kanuena C., Ymyp3akoBa b.
VYrpapieHue 4ea0BeYeCckUM KaruTaioM B Oankax PecryOnuku Kazaxcran
C TIPOEKTHOM MOJIEITBIO YIIPABIICHMS ... vveeveenererereeseeenreenseensseeseesnseenseessseenseesseesseesseesnses 529

Kamapaunos E., Moinamoéaesa Jl., CateiméexoBa K.
L{udposas Tpancopmanus OyXraarepckoro yyera TpaHCIOPTHO-TOTHCTHYECKUX
yeiryT Ha OCHOBE Al 1 Big Data........ccoooiiiiiiiiieiiceceeeeeee et 544

Kapanosa K.Y., KazkmyparoBa A.K., Yakeena K.C.
Tpancnoprasiii kopunop Kuraii—Kazaxcran: uudposuszanus u 3hpheKTuBHOCTD
B YCIOBHSIX POCTA TPY3OTIOTOKOB. ....uveertrerureeneeesnreesseeenseeseesssesseessseenseessseenseesseesnseesssesnses 654

KoxaxmeroBa K., Paxmarysnaesa J1.7K., Py3ues K.
MHorokpurtepuaibHblii ananu3 B ESG-opueHTHpoBaHHOW NOpTQETbHON
OTITHMHBAIIMH L. ..c..eevteateenteeetenteeteeetesteeteeetesbe e bt eate s bt e bt estesbte bt eatesbeenaeemtesbee bt entenbeenaeeneenae 587

Maasimena M.JK., Ma36aeBa K.O.
AyauT pacxoJ0B B KOMMEPUECKOM MPEIPUATHH 3JPaBOOXPAHCHUS:
OIICHKA 3(D(MEKTUBHOCTH U TPO3PATHOCT . .. veevverveeerereensenseessenseessesseessesssessesssessesssessenssens 609

MamytoBa K.K., [TamenoBa JI.M., AiitbimbeToBa A.H.
[udpoBusaiiysi HAJIOIOBOrO aIMHUHUCTPUpPOBaHus B KazaxcTaHe: COBPEMECHHbBIC
TEXHOJIOTHUH U HATIPABIICHUS PABBHTHS....eevveeereenteennreenreensreeueessseeseenssesseesseesnseesssesnseennns 627

Hapumanos P.H., Hueranuna I.K., TasyoBa I.K.
Cpasaenue quiet luxury u logo branding B KOHTEKCTE CTaTyCHOM CUTHATH3AINN
TOTPEOUTEINEH B KABAXCTAHE. ....cevveeiiieiieiiieiie ettt ettt et e s e 640

HuzamaunoBa A., Xao YUxanb, [kakumena V.
CoBepIlIeHCTBOBAHNE MEXaHU3MOB CTPATErMUECKOr0 YIPaBIEeHUYECKOTO yUeTa
B IIPEIPHUATUSIX BO3OOHOBIISICMOM SHEPTCTHKH. ......eveeveeeteateieseentenseneeneenseneeneeneeneaseenens 657

OROAE] 14




ISSN 1991-3494 3.2026

Hypasioek 7K.A., Hypramues K.M., ToinbimoaeBa A.A.
VHBECTULIMOHHBIN CKPUHUHT KaK MEXaHH3M T'OCY/IapPCTBEHHOT'O YIIPABICHHS
JIOCTYIIOM WHOCTPAHHOTO KAIUTAJA: OMBIT ABCTPAMHH. ...ccuvveenveerereeneeenereenneenneeeseennnesnnees 675

MMaxyamesa JI.C., EpmexoaeBa /I./1., dyiickenoBa P.JK.
Crparernueckoe yrpaBJIeHUE YCTOMUMBBIM pa3BUTHEM MOCTUHUYHBIX CeTel
KABAXCTAHA. ... e ettt ettt ettt e st eeteesateeabeesaeesnbeesaneenseees 698

Ipumikaposa K., Bucendaena C., ’Kymakxcanopa K.M.
CornuanbHoe IpeIIpUHIMATENbCTBO B Pecyonuke Kazaxcran: aTamnsl CTAaHOBICHUS
U MEXAHUBMBI PABBUTHS...cuvveeueeentreanreeseesseeseeseseenseessseeseesssesseessseeseessseensessssesnseesseesnses 726

Tynaranos A.B., Hypmaraméerosa A.W., buroxun P.M.
Bxutag cucteMsl BhICIero o0pa3oBaHMs B pean3altio [eneil yCTOHUNBOro pa3BUTHS
B KABAXCTAHE. .....ouiiiiiiiiiiiiiiiii e 750

TyaeeBa A., Kapa6aesa I11., EcenTaeBa A.
[udposoii IT-MapkeTHHT KaKk MHCTPYMEHT TOBBIIIEHHS KOHKYPEHTOCIIOCOOHOCTH
NPEANPUATUHH arPOITPOMBIIITICHHOTO KOMITTIEKCA. ¢e.uuvreeerreerrireeenurreesuneesnureesnsreeesuneesnseeens 765

z NolE



ISSN 1991-3494 3.2026

SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS
ISSN 1991-3494

Volume 3.

Number 421 (2026), 587-608

https://doi.org/10.32014/2026.2518-1467.1224

IRSTI 06.73.15
UDC 657.6:614.2

© Kozhakhmetova K.'*, Rakhmatullayeva D.Zh.!, Ruziev K.2, 2026.
'Al-Farabi Kazakh National University, Almaty, Kazakhstan;
2University of the West of England, Bristol, United Kingdom.

E-mail: kozhachmetovakamar@gmail.com

MULTICRITERIA ANALYSIS IN ESG-ORIENTED PORTFOLIO
OPTIMIZATION

Kozhakhmetova Kamar — PhD student, Al-Farabi Kazakh National University, Almaty, Kazakhstan,
E-mail: kozhachmetovakamar@gmail.com, https://orcid.org/0009-0002-4355-177X;
Rakhmatullayeva Dinara — PhD, Associate Professor—Researcher, Department of Economics,
HSEB, Al-Farabi Kazakh National University, Almaty, Kazakhstan,

E-mail: dinara.rakhmatullayeva@kaznu.edu.kz, https://orcid.org/0000-0002-6532-1652;

Ruziev Kobil — PhD, Professor, University of the West of England, Bristol, United Kingdom,
E-mail: Kobil.Ruziev@uwe.ac.uk, https://orcid.org/0000-0001-8047-3657.

Abstract. The article discusses multicriteria analysis as a methodological tool
for integrating financial and non-financial ESG criteria in portfolio optimization
tasks. The relevance of the study is determined by the fact that the classical portfolio
selection model based on the return-risk ratio no longer fully reflects the current
requirements of sustainable investment. As the importance of environmental, social
and governance factors increases, investment decisions become multidimensional
and require the use of methods that can combine diverse indicators into a single
analytical system. The purpose of the article is to systematize scientific approaches
to the use of multicriteria analysis in ESG-oriented portfolio optimization. The
research methodology is based on a review and comparative analysis of scientific
literature on portfolio theory, MCDA/MCDM methods, socially responsible
investment and ESG integration. Special attention is given to the functions of
multicriteria analysis, including the normalization of financial and ESG indicators,
the determination of criterion weights, the ranking of assets, the formation of
integrated assessments and the search for a balance between profitability, risk
and sustainability. The review results show that multicriteria analysis expands the
traditional portfolio optimization model and allows taking into account not only
financial efficiency, but also long-term non-financial risks of companies. It has been
established that MCA can be applied at various stages of the investment process:
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preliminary ESG screening, ESG scoring, asset ranking and the inclusion of ESG
criteria in optimization models. It is shown that TOPSIS, PROMETHEE, VIKOR,
AHP, Entropy, CRITIC methods and their hybrid combinations provide a more
transparent and explainable portfolio selection procedure. The article concludes
that multicriteria analysis is not an alternative to classical portfolio theory, but
its methodological extension in the context of sustainable finance. The practical
significance of the study lies in the fact that its application makes it possible to
form more balanced investment decisions that combine financial rationality, ESG
priorities and investor preferences.

Keywords: multicriteria analysis; MCDA; MCDM; ESG; portfolio optimization;
sustainable investing; socially responsible investing; financial criteria; non-financial
criteria; investment portfolio
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AnHoTanus. Makanazna noptdeib/1i OHTalIaHbIPy MIHACTTEPiHAE KAPKBIIBIK
XKoHE KapKpUIbIK eMec ESG kpurepuiinepin OipikTipyaiH opicHaMaJbIK Kypajibl
peTiHAe Keml KpUTEpHaibl Tanjay KapacThpbulanbl. 3epmmeyoiy o3exminici

(0 O & 588




ISSN 1991-3494 3.2026

KIpICTUTIK TIEH TOYEKeN apaKaThIHAChIHA HETI3NeNreH MOPTQENbIi TaHJIayIbIH
KJIACCUKAJIBIK MOJAEI TYPaKThl MHBECTHLMSUIAYJbIH Ka3ipri TajanTapblH TOJbIK
KepceTe alIMalTHIHABIFBIMCH alKbIHAANAIbl. DKOJOTHSJIBIK, QJCYMETTIK KOHE
OackapyIIbUIBIK (haKTOPIapAbIH MaHbI3AbUIBIFBI APTKAH JKaFaija MHBECTHLIUSIIBIK
mIenrimMep KeTeeM 1i CUITaTKa Fe 00Ia Ibl, OYII opTYpIli KepceTKimTepai 0ipTyrac
AHAIMTUKANBIK JKyiere OipiKTipe aiaThlH OJICTep/Al KONAAHYIABl KaKEeT eTelll.
Maxananwiy maxcamor — ESG-0armapnanran noptdenbai OHTalIaHIbIpyIa KTl
KpPUTEpHAJIIBl TaJayabl KOJAAHYAbIH FRUIBIMH TCUIACPIH XKyHeney. 3epmmeyodiy
a0icnamanwix Hezizin noprdens Teopusicel, MCDA/MCDM agictepi, a1eyMeTTIK
KayanTbl ”HBeCTULsIAy xoHe ESG-unTerpanus 0oHbIHIIA FITBIMU 9OHeTTepre
LIOJIy >KOHE CalbICTBIPMaJbl Tajjaay Kypaiael. Kem kpurepuanisl TaimaynblH
KapKpUIBIK koHe ESG kepceTkimrTepiH Hopmaiay, KpUTEpHisiep calMarblH
aHBIKTAy, aKTUBTEPIi paHKUpIEYy, HHTETpaIbl Oarajgapibl KaJbIITACTBIPY KOHE
KIpICTUTIK, TOyeKeJI MEH TYPaKTBUIBIK apachbIHAAFbl TEIe-TeHIIKTI i371ey CHSKTHI
(byHKIMsIIaphIHA €pEKILe Ha3ap ayaapbutabl. Llory namuoicenepi Ko KpuTepraabl
Tanaay MOpTQENbIi OHTAMIaHIBIPYABIH AOCTYPII MOJETIH KEHEHTETIHIH XoHE
Kap>KbUIBIK THIMAUTIKIICH KaTap KOMIAHUSIIAPBIH Y3aK MEP3iMAl Kap>KbUIBIK eMec
TOyeKeIJIepiH Jie ecKepyre MyMKiHIiK OepeTiHiH kepceTTi. MKA MHBeCTHIUSITBIK
MPOLECTiH OpTYpii Ke3eHuepinae: anabiH ana ESG-ckpunmnrre, ESG-ckopunr
KYpyZAa, aKkTHBTEpAl pamxkupieyae koHe ESG kputepuiiyiepiH OHTaaHABIPY
MOJICNIbJIEpPIHe EHTi3y[e KOJIaHBUTYbl MYMKiH ekeHi asbIkTaimbl. TOPSIS,
PROMETHEE, VIKOR, AHP, Entropy, CRITIC anicTepi xoHe onapabiH THOpUATI
KOMOMHANHSTIAPHI TOPTQENbIi TAHIAYIBIH HEFYPIIBIM alllbIK KOHE TYCIHIKTI paCiMiH
KaMTaMachI3 €TeTiHi KepceTini. Kerm kpurepuanapl Tanay Ki1acCuKaIblK OpTdeIs
TeopHsChlHAa OajaMa eMmec, TYPaKThl KapKbUIAHIBIPY >KarAalbIHIAAFrbl OHBIH
o/licHaMaJbIK KEHEI0l JETeH KOPBITBIHABI Kacalnabl. 3epmmeyoiy npakmuKaivly
ManbI36l OHBI KOJJAHY Kap>KbUIBIK YTHIMIBUIBIKTEL, ESG GachIMABIKTaphIH KoHE
WHBECTOP/IBIH KaJlayllapblH OipIKTIPEeTiH TEHrepiM/li HMHBECTUIIHMSUTBIK IIENTIMIep i
KaJIBINITACTBIPYFa MYMKIHIIK O€pETiHITIMEeH ailKbIH/1aIa]Tbl.

Tyiiin ce3nep: xemn kpurepuangsl Tanaay; MCDA; MCDM; ESG; noprdensai
OHTaMNaHIBIPY; TYPAKThl MHBECTHLMSIIAY; QJICYMETTIK XKayanTbl HHBECTULUIIAY;
KAp)KBUIBIK KPUTEPUIIICP; KAPKBUIBIK €MEC KPUTEPHIJIEP; HMHBECTHLHUSIIBIK
nopTdeInb
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AHHoTanms. B crathe paccMmarpuBaeTcss MHOTOKPHUTEPHAJIBHBIM aHAJIN3 Kak
METOJOJIOTMYECKI HHCTPYMEHT MHTErpauur ()UHAHCOBBIX M HE(UHAHCOBBIX
kpurepueB ESG B 3amauax mnoprdenbHOW ONTUMH3ALUH. AKMYaibHOCHb
uccnedosanusi O0yCJOBIEHA TEM, 4YTO KJaccH4ecKas MOJeNb MOPTHETbHOro
BbIOOpa, OCHOBaHHAsI HA COOTHOLICHWH JOXOTHOCTH M PUCKA, YK€ HE B TOJHOU
Mepe OTpakaeT COBPEMEHHbIC TpPeOOBAaHUSI YCTOWYMBOTO HHBECTHpOBaHUs. B
YCIIOBUSIX POCTa 3HAYMMOCTH DKOJIOTMYECKUX, COLMAIBHBIX M YIPaBIEHUYECKUX
(haKTOpOB MHBECTUIIMOHHBIC PELICHHS TPUOOPETAI0T MHOTOMEPHBIHI XapakTep, 4To
TpeOyeT MPUMEHEHUS METO/IOB, CIOCOOHBIX O0BEIMHATH PA3HOPOHBIC TOKA3aTEIH
B €IMHYI0 aHAJIMTHUYECKYIO cuctemy. [lenb cmambu COCTOMT B CHCTEMaTH3alUU
Hay4HbIX TIOAXOAOB K MCIIOJB30BAaHUIO MHOTOKPUTEPUAIBHOTO aHalu3a B
ESG-opuentupoBanHoii  TOpTQENbHON — ONTHUMHU3ALUH.  Memoodorocuueckyio
OCHOBY UCCNe008aHUsL COCTABISIIOT 0030p M CPaBHUTENBHBIN aHANM3 HAy4HOU
nuTeparypbl mo moptdensHoit Teopun, MCDA/MCDM-MeTonam, couuanbHO
OTBETCTBEHHOMY WHBecTHpoBaHu0 W ESG-unterpanmu. Ocoboe BHHMaHUE
yAeICHO (PYHKIHMSIM MHOTOKPUTEPUATBHOTO aHAJIN3a: HOpMaIn3auuu (PUHAHCOBBIX
n ESG-nokazarenel, onpeesieHn0 BECOB KPUTEPUEB, PAHKUPOBAHUIO aKTHBOB,
(OPMHUPOBaHHMIO HHTETPAJbHBIX OLEHOK M IOHUCKY KOMIIPOMHCCA MEKAY
JOXOHOCTBIO, PUCKOM M YCTOHYUBOCTBIO. Pe3ynvmamul 0030pa noxkaszwlearom, 4to
MHOTOKPUTEPUAIIbHBIN aHAU3 paclIupsieT TPAIUHOHHYIO MOAEIb HOPTHETbHON
ONTUMM3ALUH U TO3BOJSIET YUUTHIBATh HE TOJBKO (DMHAHCOBYIO 3(PEKTUBHOCTS,
HO U JIOJITOCPOYHbIC He(PUHAHCOBBIC PUCKH KOMIIAHUW. YcTaHOBIeHO, yTo MKA
MOKET MPUMEHSTHCS Ha PA3JIMYHBIX 3Tanax MHBECTULMOHHOTO Tpollecca: Mpu
npeasapurensHoM ESG-ckpununre, nocrpoennn ESG-ckopuHra, paHKUpoBaHUN
aKTUBOB U BKItoueHUM ESG-kputepues B onTuMH3aloHHble Moaenu. IlokazaHo,
yto meronel TOPSIS, PROMETHEE, VIKOR, AHP, Entropy, CRITIC u ux
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ruOpHuIHbIE KOMOWHAIMKA O00ECIeunBaloT Ooiiee TPO3padHyl0 U OOBSICHUMYIO
npoueaypy mnoprdensHoro Beioopa. CrenaH BBIBOA, YTO MHOTOKPHTEPUATbHBIN
aHaJM3 SBISIETCS HE aJBTEPHATHBOM KllacCHYeCKOW MOPTQENbHONH TEOpHH, a ee
METOJIOJIOTMYECKUM PACIIMPEHUEM B YCIOBHUSX YCTOHYMBOrO (pMHAHCHPOBAHMS.
Ilpaxmuueckas 3HAYUMOCMb UCCAE006AHUS 3AKIIOYAETCS. B TOM, YTO €ro
MPUMEHEHHUE T03BOJIsIeT POpMUPOBATH OoJiee cOaaHCUPOBAaHHbBIE MHBECTHIIMOHHBIC
peuieHus, o0bennHsIONNEe (PUHAHCOBYIO paloOHaIbHOCTh, ESG-puoputeTsl 1
MPEATIOYTEHUS] HHBECTOPA.

KuroueBble cjioBa: MHOrokputepuanbHblii ananus; MCDA; MCDM;
ESG; mnoprdenbHas onTUMu3anus; yCTOWYMBOE HHBECTHPOBAHME; COLHUAILHO
OTBETCTBEHHOC HMHBECTHUpPOBaHUE; (HUHAHCOBBIE KpUTEpUH; He(UHAHCOBBIC
KPUTEPHHU; HHBECTULMOHHBIN TOPTQEb

Introduction. Introduction. In recent decades, portfolio optimization has
undergone a significant methodological transformation. If in classical financial
theory the investment choice was mainly considered through the ratio of expected
return and risk, then in modern conditions this approach is no longer sufficient
to describe the real behavior of investors. The increasing complexity of financial
markets, increasing uncertainty, increasing climate and social risks, as well as
the development of the concept of sustainable financing have led to the need
for a broader understanding of investment efficiency. As a result, the portfolio
is increasingly viewed not only as a tool for generating returns, but also as a
mechanism for managing long-term financial and non-financial risks.

The traditional model of portfolio choice based on the mean—variance approach
has laid the foundation for modern investment theory. It allowed us to formalize
risk, show the importance of diversification, and justify building an effective
portfolio boundary (Markowitz, 1952). However, this model relies primarily on two
key criteria — profitability and risk. In the context of modern investment practice,
such two-criteria logic turns out to be limited, since investors are forced to take into
account a broader set of factors: asset liquidity, financial stability of issuers, quality
of corporate governance, industry structure, reputational risks, environmental
responsibility and social impact of companies (Zopounidis, Doumpos, 2002; Aouni
etal., 2018).

Of particular importance in this context is the integration of ESG criteria
reflecting the environmental, social and managerial aspects of companies’ activities.
The ESG approach is gradually becoming one of the key areas for the development
of responsible and sustainable investment. He suggests that a company’s investment
attractiveness should be assessed not only by financial results, but also by its ability
to reduce environmental risks, ensure social responsibility, maintain transparent
corporate governance, and adapt to long-term sustainable development challenges
(Xidonas et al., 2024; Bertelli and Torricelli, 2023). The inclusion of ESG factors
in portfolio optimization changes the very formulation of the investment objective:
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the portfolio must be effective not only in terms of profitability and risk, but also
from a position of sustainability.

However, the practical integration of ESG criteria into portfolio models is
associated with a number of methodological difficulties. First, financial and non-
financial indicators have different natures, different units of measurement, and
different ways of interpretation. Profitability, volatility, liquidity, or capitalization
are expressed quantitatively, whereas ESG estimates are often presented in the form
of ratings, indexes, expert scores, or aggregated indicators. Secondly, ESG data is
characterized by heterogeneity and insufficient comparability: different providers
may evaluate the same companies differently due to differences in methodologies,
criteria and weights (Berg, Kolbel, Rigobon, 2022). Thirdly, there may be
contradictions between financial and ESG goals, since maximizing profitability
does not always coincide with maximizing sustainability.

It is in these conditions that the importance of multi-criteria analysis as a
methodological tool for portfolio optimization increases. Multi-criteria decision
analysis allows making decisions in the presence of several criteria, some of
which may be quantitative, some qualitative, and the criteria themselves may be in
conflict with each other (Zopounidis, Doumpos, 2002; Spronk, Steuer, Zopounidis,
2005). Its use in financial tasks is due to the fact that an investment decision is
rarely reduced to a single indicator. In practice, an investor evaluates alternatives
simultaneously by profitability, risk, liquidity, issuer stability, ESG profile, and
personal preferences (Aouni et al., 2018).

In the tasks of ESG-oriented portfolio optimization, multi-criteria analysis
performs an integration function. It allows you to combine financial and non-
financial criteria into a single analytical system, normalize heterogeneous
indicators, determine the weights of criteria, rank assets and form the basis for
further portfolio optimization. At the same time, ICA can be used as an independent
asset selection tool, or as part of a hybrid model combining multi-criteria analysis
and multi-purpose optimization (Wu et al., 2022; Garcia et al., 2019). This approach
is especially important for sustainable investment, as it allows not only to exclude
companies with low ESG indicators, but also to flexibly assess their investment
attractiveness, taking into account a combination of financial and non-financial
characteristics.

The relevance of this review article is determined by several circumstances.
First, the development of ESG investing requires more accurate and transparent
methods for integrating non-financial criteria into investment models. The simple
use of the ESG rating as an additional indicator does not always allow us to reveal
the internal structure of the company’s sustainability and can lead to simplified
conclusions. Secondly, the growing heterogeneity of ESG data reinforces the need
for methods that can work with heterogeneous, partially subjective and disparate
indicators (Berg, Kolbel, Rigobon, 2022). Third, traditional portfolio optimization
models need methodological expansion to take into account not only financial
efficiency, but also the long-term sustainability of an investment decision.
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The scientific significance of the topic lies in the fact that multi-criteria analysis
allows us to rethink the very logic of portfolio optimization. In the classical
approach, a portfolio is considered effective if it provides an optimal ratio of
risk and return. In the multi-criteria ESG-oriented model, efficiency becomes a
more complex category. It includes financial performance, sustainability, quality
of corporate governance, social responsibility, and compliance with investor
preferences. Consequently, the ICA facilitates the transition from a narrow model
of financial efficiency to a more comprehensive model of investment sustainability.

Despite the active development of research in this field, the existing literature
remains fragmented. Some studies focus on the theoretical aspects of multicriteria
analysis in finance (Zopounidis, Doumpos, 2002; Spronk, Steuer, Zopounidis,
2005), others on multi—purpose portfolio selection models (Xidonas, Mavrotas,
Psarras, 2010; Xidonas et al., 2024), and others on ESG-oriented investment
strategies and constraints (Bertelli and Torricelli, 2023), the fourth — on the
problems of ESG data quality and rating discrepancies (Berg, Kolbel, Rigobon,
2022). However, a systematization of approaches is required to show how the
ICA can act as a connecting methodological tool between financial criteria, ESG
indicators and portfolio optimization objectives.

The purpose of the article is to systematize scientific approaches to the application
of multi-criteria analysis as a methodological tool for integrating financial and non-
financial ESG criteria in portfolio optimization tasks.

To achieve this goal, the article solves the following tasks: to reveal the
limitations of the classical two-criterion model of portfolio selection; to summarize
the main areas of application of ICA in financial analysis and portfolio optimization;
to determine the role of ESG criteria in the modern investment model; to identify
the methodological capabilities of ICA for combining financial and non-financial
indicators; to systematize the main scenarios of ESG integration into portfolio
selection to determine the advantages, limitations and prospects of using ICA in
ESG-oriented portfolio optimization.

The object of the research is methodological approaches to portfolio optimization
in the context of sustainable investment. The subject of the research is multi-criteria
analysis as a tool for integrating financial and ESG criteria into the portfolio
selection system.

The methodological basis of the article is a review and comparative analysis of
scientific literature on portfolio theory, multi-criteria analysis, socially responsible
investing and ESG portfolio optimization. Special attention is paid to papers that
consider MCDA/MCDM methods, multipurpose optimization, ESG-scoring, ESG-
screening, ESG-optimization, as well as the problem of ESG ratings discrepancy.
This approach allows not only to summarize existing research, but also to identify
the methodological potential of ICA for the further development of sustainable
portfolio management.

The structure of the article is as follows. The Literature Review section analyzes
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the main areas of scientific discussion on portfolio optimization, ICA, and ESG
investing. The section “Materials and methods” reveals the logic of the review
study and the systematization of sources. The “Results” section highlights the key
functions of the ICA in the tasks of integrating financial and non-financial criteria.
The Discussion section discusses the theoretical and practical implications of the
use of ICA, its advantages and limitations. In conclusion, the main conclusions and
prospects for further research are formulated.

Materials and methods. The present study is carried out in the format of a
review article aimed at systematizing scientific approaches to the application of
multicriteria analysis in ESG-oriented portfolio optimization. The theoretical and
methodological nature of the work determined the choice of research material:
scientific publications on portfolio theory, multicriteria analysis, socially responsible
investing, ESG integration and multi-purpose optimization of the investment
portfolio were used as the main source of analysis.

The methodological logic of the research is based on the understanding of
portfolio optimization as a multi-criteria decision-making procedure. In the classical
model, investment choice is considered primarily through the ratio of risk and return
(Markowitz, 1952). However, the development of sustainable financing and ESG
investment expands this task statement, since the investor must take into account
not only financial efficiency, but also non-financial characteristics of companies:
environmental responsibility, social impact, quality of corporate governance and
long-term sustainability of the business model.

The study analyzed several interrelated areas of scientific literature. The first
group of sources includes works on classical portfolio theory and the mean—
variance approach, which formulate the basic logic of risk assessment, profitability
and diversification (Markowitz, 1952). The second group is represented by studies
on multicriteria analysis in financial decision-making, revealing the possibilities of
MCDA/MCDM for comparing investment alternatives in the presence of several
conflicting criteria (Zopounidis, Doumpos, 2002; Aouni et al., 2018; Spronk,
Steuer, Zopounidis, 2005). The third group covers work on multi-purpose portfolio
optimization, where portfolio selection is considered as a task beyond the classical
two-criteria model (Xidonas, Mavrotas, Psarras, 2010; Xidonas et al., 2024). The
fourth group includes research on ESG investing, socially responsible portfolio
choice, sustainable investment strategies, and ESG data quality issues (Garcia et
al., 2019; Berg, Kolbel, Rigobon, 2022; Bertelli, Torricelli, 2023; Taheripour et al.,
2025).

The selection of literature was based on the principle of thematic relevance. The
analysis included publications that met one or more criteria: revealed the theoretical
foundations of portfolio optimization; considered methods of multi-criteria analysis
in financial problems; proposed models for integrating ESG or CSR criteria into
investment choices; analyzed the problems of ESG ratings and non-financial data;
applied multi-purpose optimization methods or hybrid models to portfolio selection
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problems. This approach made it possible to form a corpus of sources sufficient for
theoretical generalization and identification of methodological functions of ICA in
ESG-oriented portfolio optimization.

The study did not involve conducting its own empirical calculation based on
market data, since its purpose is not to test a specific investment portfolio, but
to systematize existing scientific approaches. Therefore, the main emphasis
was placed on qualitative comparative analysis, conceptual classification and
analytical generalization of the results of previously published studies. This format
corresponds to the objectives of the review article, where the main result is to
identify the structure of the scientific field, the main approaches, limitations and
prospects for further research.

The research methodology included several successive stages. At the first stage,
the theoretical framework of the analysis was defined. The classical portfolio
selection model based on the risk-return ratio (Markowitz, 1952) was used as a
starting point. This model was considered as the basic methodological basis against
which modern extensions of portfolio optimization were analyzed.

At the second stage, the systematization of research on multicriteria analysis in
finance was carried out. Special attention was paid to the functions that MCDA/
MCDM methods perform in financial decision-making: ranking alternatives,
determining weights of criteria, aggregating heterogeneous indicators, finding a
compromise between conflicting goals and increasing transparency of investment
choice (Zopounidis, Doumpos, 2002; Aouni et al., 2018; Spronk, Steuer, Zopounidis,
2005).

At the third stage, publications on ESG integration and socially responsible
investing were analyzed. ESG criteria were considered as non-financial indicators
capable of influencing the long-term sustainability of the company and the level
of portfolio risk. Particular attention was paid to the problem of heterogeneity of
ESG data and divergence of ESG ratings, since this problem determines the need
for more transparent methods of aggregation and interpretation of non-financial
indicators (Berg, Kolbel, Rigobon, 2022).

At the fourth stage, financial and ESG criteria were compared in the logic of a
multi-criteria analysis. The financial criteria included profitability, risk, liquidity,
capitalization, volatility, Sharpe ratio, beta and other indicators of market efficiency.
Non-financial criteria included environmental, social, and management parameters,
including the ESG rating, components E, S, and G, the quality of information
disclosure, the level of corporate responsibility, and the sustainability of the
business model. This separation allowed us to show that portfolio optimization in
the ESG context requires combining indicators of different nature.

At the fifth stage, the main scenarios for using ICA in ESG-oriented portfolio
optimization were identified: ESG-screening, ESG-scoring and ESG-optimization.
In the first case, the ICA is used to pre-filter assets, in the second - to build an
integral assessment or rating, in the third - to include ESG criteria in the target
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function, constraints or multi-purpose model of portfolio selection (Xidonas et al.,
2024; Bertelli, Torricelli, 2023). This classification made it possible to structure
various forms of ESG integration and show that ICA can be applied at different
stages of the investment process.

A comparative methodological approach was used as the main analytical tool. It
allowed us to compare classical portfolio theory, multi-criteria methods and ESG-
oriented models in several parameters: the objective function, the type of criteria,
the nature of the data, the role of investor preferences, the degree of transparency
and applicability to sustainable investment. The results of this comparison formed
the basis for the subsequent systematization of the functions of the ICA.

The study also applied a classification procedure aimed at grouping ICA methods
according to their functional purpose. The TOPSIS, VIKOR, and PROMETHEE
methods were considered as tools for ranking alternatives and finding compromise
solutions; AHP and BWM - as methods for expert determination of weights; Entropy
and CRITIC - as methods of objective weighing based on the data structure; hybrid
approaches - as combinations of several procedures to increase the stability of
results (Goutte et al., 2025; Ahmadi, Peivandizadeh, 2022).

Particular attention was paid to data normalization, since financial and ESG
indicators are expressed on different scales and cannot be directly compared. In
the multi-criteria model, normalization is an obligatory stage of ESG integration,
ensuring the correct aggregation of profitability, risk, liquidity, ESG rating and other
criteria. It was taken into account that some of the criteria have a maximization
direction, such as profitability or ESG rating, and some have a minimization
direction, such as risk, volatility or carbon intensity.

The generalized procedure for applying ICA in ESG-oriented portfolio
optimization includes the following steps: defining the investment universe;
selecting financial and ESG criteria; normalizing data; determining the weights of
criteria; aggregating indicators; ranking assets; selecting or optimizing a portfolio;
analyzing the sensitivity of results. This procedure shows that a multi-criteria
analysis can be integrated into the portfolio process sequentially, from selecting
criteria to verifying the sustainability of the final decision.

Thus, the research methodology is based on a systematic review, comparative
analysis and analytical classification of existing scientific approaches. Unlike
empirical studies aimed at calculating specific portfolios, this article focuses on
identifying the methodological potential of ICA. This allows us to determine how
multi-criteria analysis can be used to integrate financial and ESG criteria, what
functions it performs in portfolio optimization, what advantages it provides, and
what limitations require further research.

Literary review. The scientific discussion on portfolio optimization
traditionally begins with the classical Markowitz model, in which the investment
choice is considered through the ratio of expected return and risk. This model
became the foundation of modern portfolio theory, as it was the first to propose a

(0 O & 596




ISSN 1991-3494 3.2026

formalized approach to asset diversification and showed that portfolio performance
is determined not only by the characteristics of individual securities, but also by
the relationships between them (Markowitz, 1952). As part of the mean—variance
approach, an investor strives to form a portfolio that provides the maximum
expected return at a given level of risk or minimal risk at a given return. However,
the limitations of this model are manifested in the fact that it reduces the investment
decision mainly to two financial criteria and does not take into account a wider
range of factors affecting the sustainability and long-term investment attractiveness
of assets.

As financial markets become more complex and investment priorities transform,
the scientific literature has increased its focus on multi-criteria decision-making
methods. Zopounidis and Doumpos note that most financial tasks are multi-criteria
in nature, since an investor, bank, fund, or management company rarely makes
decisions based on a single indicator (Zopounidis and Doumpos, 2002). In addition
to profitability and risk, financial analysis takes into account liquidity, solvency,
financial stability, quality of management, market capitalization, debt burden and
other parameters. Consequently, the multi-criteria decision aid methods allow not
only to compare alternatives according to several criteria, but also to make the
financial selection process more structured and transparent.

This approach was further developed in the research of Aouni et al., which
emphasizes the increasing importance of multicriteria methods specifically
for portfolio selection tasks (Aouni et al., 2018). Portfolio optimization in such
works is considered not only as a mathematical procedure for distributing weights
between assets, but also as a management decision reflecting the goals, limitations
and preferences of the investor. This is especially important in situations where the
selection criteria are conflicting: high returns may be accompanied by high risk,
high liquidity by low returns, and high sustainability by limited diversification.
In this setting, multi-criteria analysis becomes a tool for finding a compromise
between the various goals of investment choice.

An important contribution to the development of a multi-criteria approach
to portfolio design was made by Xidonas, Mavrotas and Psarras, who consider
portfolio selection as a multi-objective mathematical programming task (Xidonas,
Mavrotas, Psarras, 2010). Their approach shows that an effective portfolio can
be assessed not only by criteria of profitability and risk, but also by additional
dimensions reflecting investor preferences and the specifics of the investment
environment. This expands the traditional understanding of portfolio performance
and creates a methodological basis for the inclusion of non-financial criteria in
investment models.

The multi-criteria approach has become particularly relevant in connection with
the development of ESG investment. The ESG approach assumes that investment
decisions should take into account the environmental, social and managerial
characteristics of companies. Environmental criteria reflect the business’s impact
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on the environment, climate risks, resource use, and decarbonization policies.
Social criteria are related to labor practices, relationships with employees,
consumers, and society. Management criteria characterize the quality of corporate
governance, transparency, ownership structure, protection of shareholders’ rights,
and anti-corruption mechanisms (Xidonas et al., 2024; Berg, Kolbel, Rigobon,
2022; Bertelli, Torricelli, 2023). The inclusion of these factors changes the nature
of the portfolio choice, as the investment attractiveness of an asset begins to be
determined not only by its financial profitability, but also by the level of stability
of the company.

Research on ESG portfolio optimization shows that ESG factors can be used in
an investment model in different ways. In their simplest form, they act as a screening
tool when companies that do not meet the minimum sustainability requirements
are excluded from the investment universe. A more complex approach involves
building an ESG rating or ESG scoring, which is used to rank assets. The most
advanced form of integration involves the inclusion of ESG indicators directly into
the optimization model as a separate objective function, constraint, or additional
selection criterion (Xidonas et al., 2024; Bertelli and Torricelli, 2023). Thus, ESG
integration is gradually moving from an external filter to a full-fledged element of
portfolio optimization.

Xidonas et al. ESG portfolio design is considered as a multi-purpose task in
which sustainability becomes an independent measurement of portfolio efficiency
along with profitability and risk (Xidonas et al., 2024). This means that the investor
strives not only for financial optimality, but also for the formation of a portfolio that
meets certain environmental, social and managerial requirements. This approach
is fundamentally different from the classical two-criteria model, as portfolio
performance becomes multidimensional.

Bertelli and Torricelli also emphasize that the introduction of ESG restrictions
affects the structure of the optimal portfolio (Bertelli and Torricelli, 2023). ESG
criteria can change not only the composition of assets, but also their weights,
industry structure, level of diversification, and risk-return ratio. This shows that
ESG integration is not a neutral complement to the classic portfolio model. On the
contrary, it can significantly change the result of optimization and therefore requires
special methodological tools that simultaneously take into account financial and
non-financial parameters.

One of the most serious problems of ESG investing is the quality and
comparability of ESG data. Berg, Kolbel, and Rigobon show that the ESG ratings
of different providers can differ significantly from each other (Berg, Kolbel, and
Rigobon, 2022). The reasons for these discrepancies are related to differences
in methodologies, sets of indicators, weights of individual criteria, and data
aggregation methods. As a result, the same company may receive a high rating
from one provider and a lower rating from another. For portfolio optimization, this
creates methodological uncertainty, since the final portfolio may depend on the
selected source of ESG data.
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In this context, multi-criteria analysis has an important advantage. It allows us not
to limit ourselves to using a single aggregated ESG score, but to consider the ESG
as a system of separate criteria. Environmental, social, and management indicators
can be analyzed separately, normalized, weighted, and then aggregated depending
on the investor’s goals. This approach makes ESG integration more transparent
and reduces the risk of mechanical use of ready-made ratings. In addition, the ICA
allows for sensitivity analysis and verification of how much the final asset rating
depends on changes in weights or composition of criteria (Berg, Kdlbel, Rigobon,
2022; Goutte et al., 2025; Taheripour et al., 2025).

In the literature, there are several groups of ICA methods used in the tasks
of financial choice and portfolio optimization. The most common ones include
TOPSIS, PROMETHEE, VIKOR, AHP, Entropy, CRITIC, as well as their hybrid
combinations (Spronk, Steuer, Zopounidis, 2005; Goutte et al., 2025; Ahmadi,
Peivandizadeh, 2022). The TOPSIS method is used to assess the proximity of
alternatives to the ideal solution. In a portfolio task, this allows you to identify
assets that simultaneously have high returns, low risk, acceptable liquidity and high
ESG indicators. PROMETHEE is based on a pairwise comparison of alternatives
and allows you to identify preference relationships between assets. VIKOR is
focused on finding a compromise solution in the presence of conflicting criteria.
AHP is used for expert determination of criteria weights, whereas Entropy and
CRITIC allow calculating weights based on the information structure of the data.

Hybrid models occupy a special place in modern literature because they allow
combining the advantages of different methods. One method can be used to
determine the weights of criteria, another to rank assets, and the third to verify the
sustainability of results. Goutte et al. It is shown that the use of several MCDA
strategies in portfolio optimization makes it possible to compare alternative
solutions and assess their sustainability in terms of market dynamics (Goutte et
al., 2025). This is especially important for ESG portfolios, as the results may be
sensitive to the choice of normalization method, the method of calculating weights,
and the initial ESG data.

In research on socially responsible investing, ICA is often combined with
multi-purpose optimization. Wu et al. propose an integrated model combining
multi-criteria decision-making and multi-objective optimization for socially
responsible portfolio selection tasks (Wu et al., 2022). This approach has important
methodological significance.: ICA is used to evaluate and rank assets based on
a set of financial and non-financial criteria, while multi-purpose optimization is
used to determine the structure of a portfolio. As a result, a model is formed that
combines the explainability of a multi-criteria analysis and the mathematical rigor
of an optimization approach.

Garcia et al. They develop this direction through the use of a fuzzy multi-criteria
approach to the selection of socially responsible portfolios (Garcia et al., 2019).
Fuzzy models are especially useful in conditions of uncertainty, when data is not
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always accurate, and investor preferences can be expressed not in strict numerical
values, but in qualitative estimates. This is especially important for ESG investing,
since non-financial indicators are often of an expert nature, and their interpretation
depends on the assessment methodology.

Interactive approaches to socially responsible portfolio selection also reflect an
important trend in the development of literature. Hanine et al. It is emphasized
that the investor should be considered not as a passive recipient of the optimal
solution, but as an active participant in the selection process (Hanine et al., 2021).
In such models, the investor’s preferences can be clarified, reviewed, and included
in the decision-making process. This is of particular importance for ESG portfolios,
as different investors may evaluate the importance of environmental, social, and
management criteria in different ways.

Modern literature also shows that ESG criteria are gradually beginning to be
considered not only as value or reputational parameters, but also as elements of risk
management. Taheripour et al. propose an ESG-based portfolio optimization model
that includes historical indicators, forward estimates, and a credibilistic CVaR
(Taheripour et al., 2025). This approach indicates the transition from static ESG
scoring to a more complex assessment system that takes into account uncertainty
and extreme risks. This is especially important because environmental, social
and managerial risks may manifest themselves in the future through regulatory
sanctions, reputational losses, rising costs, reduced investment attractiveness or
deterioration of the company’s financial results.

An analysis of the literature allows us to identify several methodological
directions for integrating ESG criteria into portfolio optimization. The first area is
related to ESG-screening, that is, the exclusion of companies that do not meet the
minimum sustainability requirements. The second area is related to ESG-scoring,
in which ESG indicators are aggregated into an integrated assessment of the
company. The third direction is related to ESG-tilting, when asset weights change
depending on their ESG profile. The fourth area is related to ESG optimization,
where ESG criteria are directly integrated into the optimization model (Xidonas
et al., 2024; Bertelli and Torricelli, 2023). ICA can be used in all these areas, but
its role is especially increasing in ESG-scoring and ESG-optimization scenarios,
where aggregation of heterogeneous criteria and search for a compromise between
financial and non-financial goals are required.

Despite significant progress in the development of ESG-oriented portfolio
selection models, the literature points to a number of unresolved issues. Firstly, the
methodological heterogeneity of ESG data remains. Different rating agencies and
providers use different approaches to assessing sustainability, which reduces the
comparability of results (Berg, Kolbel, Rigobon, 2022). Secondly, the question of
choosing a balance between financial and ESG criteria remains open. Too high an
ESG weight can lead to a decrease in the financial efficiency of the portfolio, while
too low a weight makes ESG integration a formality. Thirdly, many models remain
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sensitive to the choice of normalization method and ranking algorithm. Fourth,
there is not always sufficient verification of the sustainability of the results (Goutte
et al., 2025; Taheripour et al., 2025).

It is these limitations that create a scientific gap, which justifies the need
for further study of the ICA as a methodological tool for ESG integration. In
existing studies, individual ICA methods, ESG portfolio optimization models,
and sustainable investment issues are considered in sufficient detail. However, a
more systematic generalization of how the ICA can perform an integration function
between financial and non-financial criteria is required. Of particular importance
is the analysis of at what stage of the portfolio processes the ICA is used most
effectively: when selecting assets, determining weights, building an ESG rating,
forming constraints or directly optimizing the portfolio.

Thus, the literature review shows that multicriteria analysis is one of the most
promising methodological approaches to ESG-oriented portfolio optimization.
Its advantage lies in the ability to combine profitability, risk, liquidity, financial
stability and ESG indicators into a single decision-making system. Unlike the
classical Markowitz model, the ICA allows for the multidimensional nature of
modern investment choices. Unlike simple ESG screening, it provides a more
flexible and transparent integration of non-financial criteria. Unlike fully automated
optimization, it allows you to explicitly take into account the investor’s preferences
and explain the final decision.

In summary, the existing literature confirms that the development of portfolio
optimization is moving from a two-criteria model “return - risk” to a multi-criteria
model “return - risk - ESG - investor preferences”. In this model, the ICA plays a
key role, as it ensures the normalization of heterogeneous data, the determination
of weights of criteria, the ranking of assets, the search for a compromise between
conflicting goals and increasing the transparency of the investment decision.
Consequently, the ICA can be considered not as a replacement for the classical
portfolio theory, but as its methodological extension that meets modern requirements
for sustainable financing and responsible investment.

Results. The review of the scientific literature shows that multicriteria analysis
(MCA) is gradually becoming an important methodological tool in portfolio
selection, especially in the context of the transition from traditional financial
investment models to sustainable and responsible investing. While classical
portfolio theory is based mainly on the relationship between expected return and
risk (Markowitz, 1952), modern investment decisions are increasingly made under
conditions of multiple objectives, heterogeneous data and the need to consider
non-financial factors. These factors include environmental, social and governance
characteristics of companies, corporate governance quality, information disclosure,
climate risks, social responsibility and the long-term sustainability of business
models (Zopounidis and Doumpos, 2002; Aouni et al., 2018; Berg, Kolbel and

Rigobon, 2022).
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The main result of the review is that MCA expands the traditional two-criteria
portfolio choice model “return—risk” into a multidimensional investment decision-
making system. In the classical model, assets are evaluated primarily through
expected return, variance or standard deviation of returns, and the covariance
structure of the portfolio. However, this approach does not fully reflect the non-
financial characteristics of companies, which are becoming increasingly important
in sustainable finance. An asset with high return and moderate risk may be less
attractive if the company has weak corporate governance, a high environmental
footprint or significant social risks (Garcia et al., 2019; Xidonas et al., 2024; Bertelli
and Torricelli, 2023).

MCA makes it possible to include such parameters in the portfolio selection
process without abandoning the basic logic of optimization. As a result, a portfolio
is considered not only as a set of financial instruments, but also as a set of companies
with a specific sustainability profile. This changes the content of the investment
task: the investor seeks not only to maximize return and minimize risk, but also
to ensure that the portfolio complies with ESG priorities. This transformation is
particularly important for institutional investors, whose decisions are increasingly
assessed not only by financial performance, but also by compliance with the
principles of responsible investment.

Another important result is that MCA allows quantitative and qualitative
indicators of different nature to be combined. Financial criteria usually have
a quantitative basis, including return, volatility, Sharpe ratio, beta, liquidity,
capitalization, debt burden and market value. ESG criteria, by contrast, are often
represented by ratings, expert assessments, disclosure indices or aggregated scores
generated by specialized data providers (Berg, Kolbel and Rigobon, 2022). This
heterogeneity makes MCA especially relevant, since it enables the normalization of
diverse indicators, determination of criteria weights and formation of an integrated
assessment of investment alternatives (Zopounidis and Doumpos, 2002; Spronk,
Steuer and Zopounidis, 2005).

The review also shows that MCA helps formalize a compromise between
different investment goals. In traditional portfolio theory, the main compromise
is between risk and return. In ESG-oriented models, the number of conflicting
objectives increases: investors may simultaneously seek higher returns, lower
volatility, better ESG quality, a lower carbon footprint, exclusion of companies
with weak governance and sufficient diversification (Wu et al., 2022; Garcia et al.,
2019; Xidonas et al., 2024). Through weighting, normalization and ranking, MCA
makes these contradictions visible and manageable.

MCA can be applied at different stages of portfolio optimization. At the
preliminary selection stage, it may be used to exclude companies that do not meet
minimum financial or ESG requirements. At the evaluation stage, it can be used to
build an integrated asset rating based on financial and non-financial characteristics.
At the portfolio formation stage, MCA results may serve as input parameters for
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further optimization, where the weights of assets are determined (Wu et al., 2022;
Garcia et al., 2019). Therefore, MCA does not necessarily replace mathematical
optimization; rather, it can perform preparatory, filtering and integrative functions.

The most common groups of MCA methods used in financial decision-making
and portfolio optimization include ranking methods, pairwise comparison methods,
compromise solution methods, weighting methods and hybrid models (Aouni et
al., 2018; Spronk, Steuer and Zopounidis, 2005; Goutte et al., 2025; Ahmadi and
Peivandizadeh, 2022). TOPSIS is used to evaluate alternatives according to their
closeness to the ideal solution. PROMETHEE allows preference relations between
alternatives to be established. VIKOR is aimed at finding a compromise solution under
conflicting criteria. AHP and BWM are mainly used to determine criteria weights,
while Entropy and CRITIC allow weights to be calculated on the basis of data structure.

The choice of a specific MCA method depends on the nature of the investment
task. If the purpose is to rank assets, TOPSIS, VIKOR, PROMETHEE or
MULTIMOORA may be appropriate. If the task is to determine the relative
importance of criteria, AHP, BWM, Entropy or CRITIC can be used. If the task
involves uncertainty or subjectivity of ESG assessments, fuzzy, interval or stochastic
modifications of MCA may be applied (Garcia et al., 2019; Hanine et al., 2021).

ESG integration through MCA can be implemented through several
methodological scenarios. The firstis ESG screening, which involves the preliminary
exclusion of companies that do not meet minimum sustainability requirements. The
second is ESG scoring, where environmental, social and governance indicators are
aggregated into an integrated rating. The third is ESG optimization, where ESG
criteria are included directly in the portfolio optimization model as an objective
function, constraint or additional criterion (Xidonas et al., 2024; Bertelli and
Torricelli, 2023). These scenarios differ in the depth of ESG integration: screening
is the simplest form, scoring requires aggregation of indicators, while optimization
makes sustainability part of the portfolio selection model itself.

An important result of the review is that MCA increases the transparency and
explainability of portfolio decisions. Classical optimization models are often
sensitive to input data, and small changes in expected returns, covariance matrices
or risk levels can lead to significant changes in asset weights. MCA makes the
decision-making process more structured by showing which criteria were used,
how they were normalized, what weights were assigned and why certain assets
received higher or lower scores (Zopounidis and Doumpos, 2002; Berg, Kolbel and
Rigobon, 2022; Spronk, Steuer and Zopounidis, 2005).

MCA also makes it possible to reflect individual investor preferences. In ESG
investing, preferences are more complex than simple risk tolerance. One investor
may prioritize environmental criteria, another may focus on social responsibility,
while another may emphasize corporate governance or the balance between return
and sustainability (Xidonas, Mavrotas and Psarras, 2010; Garcia et al., 2019;
Hanine et al., 2021). Through a system of weights, MCA allows the construction of
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a portfolio that corresponds to a specific preference profile rather than a universal
model.

The review further shows that MCA helps address the problem of ESG data
quality. ESG ratings may differ significantly between providers because of
differences in methodologies, indicators, weights and data sources (Berg, Kolbel
and Rigobon, 2022). MCA does not completely eliminate this problem, but it makes
the use of such data more transparent. The overall ESG rating can be decomposed
into environmental, social and governance components; several data sources can
be aggregated; and sensitivity analysis can be used to test the stability of results.

Finally, MCA provides a framework for comparing different portfolio strategies,
including traditional portfolios, ESG-screened portfolios, ESG-tilted portfolios
and ESG-optimized portfolios. Such comparison makes it possible to assess how
ESG integration affects return, risk, diversification, sectoral structure and portfolio
sustainability (Xidonas et al., 2024; Bertelli and Torricelli, 2023). For example,
strict ESG screening may reduce diversification, while ESG tilting changes asset
weights without fully excluding companies. ESG optimization, in turn, allows a
compromise to be found between financial constraints and sustainability goals.

Thus, the results of the review confirm that multicriteria analysis is not an
auxiliary tool, but an important methodological basis for ESG-oriented portfolio
optimization. It supports the transition from the traditional “return—risk” model to
a broader framework that includes financial indicators, ESG criteria and investor
preferences. Its application improves transparency, comparability and flexibility in
portfolio decision-making.

Based on the review, we can identify several key functions of the ICA in the
tasks of ESG-oriented portfolio optimization.

Table 1 — Multi-criteria analysis functions in ESG-oriented portfolio optimization

MCA function Function Content Value for the ESG portfolio
Integration Combining financial and non- | Allows you to take into account profitability,
financial criteria risk and ESG indicators in a single analytical
model.
Filtration Exclusion of assets that do not | Helps to create an investment universe based
meet specified requirements on ESG constraints
Ranking Determining the comparative | Allows you to identify companies with the best
attractiveness of investment combination of financial and ESG characteris-
alternatives tics.
Weight room | Determining the relative Reflects the preferences of the investor, the
importance of criteria investment committee, or the structure of the
source data
A Finding a balance between Reduces the contradiction between profitability,
compromise | conflicting goals risk and sustainability
Explanatory | Increasing the transparency of | Allows you to justify the structure of the ESG
the investment decision portfolio and the logic of asset selection.

Note: compiled by the authors based on the generalization of scientific literature on MCDA/
MCDM, ESG investing and portfolio optimization.
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These tables allow us to establish that the MCA performs not one, but several
interrelated functions. It can be used as a pre-selection tool, a method for evaluating
assets, a mechanism for aggregating criteria, and a way to explain the final portfolio
decision. This makes it especially important for ESG investing, where it is required
not only to optimize the financial result, but also to show the compliance of the
portfolio with the principles of sustainability.

The review also allows us to form a logical model for integrating ESG criteria
into a portfolio solution. In a generalized form, it can be represented as follows:

Financial indicators — ESG indicators — normalization — weighting —
aggregation — ranking — portfolio optimization.

At the first stage, a set of financial and non-financial indicators is formed.
At the second stage, their normalization is carried out, since the indicators have
different units of measurement and evaluation scales. At the third stage, the weights
of the criteria are determined. At the fourth stage, the integral asset valuation is
calculated. At the fifth stage, assets are ranked according to the degree of investment
attractiveness. At the sixth stage, the ranking results are used to form or optimize
the portfolio. This sequence makes the ESG integration process more systematic,
transparent, and reproducible.

An important result is that the MCA can be used in both static and dynamic
problem formulation. In the static model, criteria and weights are fixed at the time
of making an investment decision. This approach is useful for comparative analysis
of assets over a certain period of time. However, in a changing market environment,
dynamic formulation is more promising, in which financial and ESG indicators are
revised over time (Taheripour et al., 2025). This is especially important for ESG
criteria, as companies may improve or worsen sustainability indicators, change
disclosure policies, face new regulatory requirements or reputational risks.

The dynamic logic of the ICA allows us to consider ESG integration not as a one-
time inclusion of the rating in the model, but as an ongoing process of monitoring
investment attractiveness. This approach corresponds to the modern understanding
of portfolio management, where the portfolio structure must adapt to changes in
both market and non-financial factors.

Of particular importance is the use of ICA to analyze the sustainability of the
results. Since the final asset rating depends on the selected criteria, normalization
method and weights, it becomes necessary to check the sensitivity of the model.
Sensitivity analysis makes it possible to determine whether the asset ranking is
maintained when the weights of the ESG criteria are changed, individual indicators
are excluded, or an alternative ICA method is used (Goutte et al., 2025; Taheripour
et al., 2025). If the results remain stable, we can talk about the high stability of the
model. If small changes in the parameters lead to a significant change in the rating,
this indicates the need for additional verification.
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Sensitivity analysis is especially important for ESG portfolio optimization
because ESG data is often less standardized than financial indicators. Therefore, the
correct application of the ICA should include not only the calculation of the integral
rating, but also the verification of its stability to methodological assumptions.

Another result is that the ICA avoids excessive reduction of the ESG to a single
aggregated indicator. In many practical models, the ESG rating is used as a single
numeric indicator. However, this approach may conceal the internal structure of the
company’s sustainability. For example, a company may have a high overall ESG
rating due to strong corporate governance, but at the same time demonstrate weak
environmental performance. Or, conversely, a company may have a well-developed
environmental policy, but insufficiently sustainable social practices.

The ICA allows you to maintain the multidimensionality of the ESG assessment,
considering environmental, social and management criteria separately. This is
especially important for investors who seek to control not only the overall level
of ESG, but also the sustainability structure of the portfolio. In this sense, multi-
criteria analysis makes ESG integration more meaningful, as it allows analyzing
not only the final score, but also the contribution of each component to the overall
assessment.

The use of ICA contributes to the formation of a more balanced methodology
for sustainable investment. Unlike approaches based only on the exclusion of
companies that do not meet ESG requirements, the ICA allows you to take into
account quality gradations and build a more flexible investment strategy. The
company may not be perfect in all ESG parameters, but at the same time demonstrate
improved performance, high financial stability and an acceptable level of risk. In
such a situation, the ICA allows us to evaluate it not binarily, but comprehensively.

This is especially important in emerging markets, where ESG data may be less
complete and disclosure levels may be uneven. In such circumstances, rigorous
screening can lead to an excessive narrowing of the investment universe. The ICA,
on the contrary, allows for a more flexible evaluation system where a company’s
weaknesses can be compared with its strengths. This approach increases the
practical applicability of ESG integration and makes portfolio optimization more
adaptive.

Thus, the results of the review analysis show that multicriteria analysis is not
an auxiliary, but a system-forming tool for ESG-oriented portfolio optimization. It
provides a transition from a simple “return-risk” model to a more complex “return-
risk - ESG - investor preferences” model. Its application allows combining financial
and non-financial criteria, taking into account individual investment priorities,
increasing transparency of decisions, conducting sensitivity analysis and forming
more sustainable portfolio strategies.

Discussion. The results show that multi-criteria analysis is an important
methodological tool for the development of ESG-oriented portfolio optimization.
Its main advantage lies in the ability to combine financial and non-financial criteria
into a single investment decision-making system. Unlike the classical model, which
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is based primarily on the ratio of profitability and risk, the ICA allows for a broader
set of factors to be taken into account, including liquidity, volatility, financial
stability, environmental responsibility, social impact, and the quality of corporate
governance (Markowitz, 1952; Zopounidis and Doumpos, 2002).

The ICA acquires special importance in conditions of heterogeneity of ESG
data. Research shows that ESG ratings of different providers can vary significantly
due to differences in assessment methodologies, sets of indicators, and weights
of criteria (Berg, Kolbel, Rigobon, 2022). Under these conditions, a multi-criteria
analysis allows us not to limit ourselves to using a single aggregated ESG indicator,
but to consider environmental, social and managerial parameters as independent
elements of an investment assessment.

The practical significance of the ICA is that it makes the portfolio selection
process more transparent and understandable. The investor gets the opportunity
to see which criteria have been used, how they have been normalized, what
weights have been assigned to them, and why individual assets receive a higher
or lower valuation. This is especially important for institutional investors, for
whom ESG integration is associated not only with financial efficiency, but also
with reputational stability, accountability and compliance with the principles of
responsible investment (Aouni et al., 2018; Xidonas et al., 2024).

However, the use of ICA has certain limitations. The results of a multi-
criteria assessment depend on the choice of criteria, the normalization method,
the method of determining weights, and the quality of the initial ESG data. The
subjective definition of weights can increase the influence of expert preferences,
whereas objective methods do not always reflect the strategic goals of the investor.
Therefore, the use of ICA in ESG portfolio optimization should be accompanied by
sensitivity analysis and validation of the sustainability of the results (Goutte et al.,
2025; Taheripour et al., 2025).

Thus, the ICA should not be considered as a substitute for the classical portfolio
theory. Itis more correct to consider it as a methodological extension of the traditional
approach, which makes it possible to adapt portfolio optimization to modern
requirements of sustainable financing. Its application is particularly promising in
hybrid models, where multi-criteria evaluation is used in conjunction with multi-
purpose optimization, ESG screening and analysis of investment constraints.

Conclusion. The conducted research allowed us to systematize scientific
approaches to the application of multicriteria analysis in ESG-oriented portfolio
optimization. It is established that the ICA expands the traditional model of
portfolio choice “return - risk” and allows you to take into account a wider set of
financial and non-financial criteria. This is especially important in the context of the
development of sustainable investment, when the investment attractiveness of an
asset is determined not only by financial indicators, but also by the environmental,
social and managerial characteristics of the company.

The results of the review show that the ICA performs several key functions:
integration, filtering, ranking, weighing, compromise and explanatory. It can be
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applied at different stages of the investment process.: during the preliminary ESG
screening, the construction of ESG scoring, asset ranking, the determination of
weights of criteria and the inclusion of ESG parameters in optimization models.

It is concluded that multicriteria analysis is not an alternative to the classical
portfolio theory, but its methodological development in the context of sustainable
financing. Its application makes it possible to form more balanced investment
decisions that combine financial rationality, ESG priorities and investor preferences.

The prospects for further research are related to the empirical verification of
the proposed approaches in specific stock markets, the comparison of various ICA
methods, the analysis of the sensitivity of ESG portfolios to changes in the weights
of criteria, and the development of hybrid models combining MCDA/MCDM,
multi-purpose optimization, and risk management tools.
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